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Executive Summary 


The purpese of this study was to assess the potential use of calmacives as non- 
lethal sechniques. This esearch included 1) defining the advantages and limitations 
of pharmaceutical agents as calmatives with potential use as non-lethal techniques, 
2} providing a comprehensive survey of the medical literature identifying 
pharmaceutical agents that produce a calm s-ate and developing this informaticn 
into a database of tne relevant literature on caimatives, 3) orcvicing an in-depth 
review ot selected calmatives identified by <he literature search with high potential = Gidehay fer 
for furlher consideration és a non-lethal technique, and <} to identify and previce sais py 
recommendations cn new areas in pharmaceutical drug davelapment that may roport. 


bighlights 
indi Ahrouuhont 


uniquely meet the requirements of calmatives as nonletral techniques. 


There may de a need for development of nen-letha! lechniques with a high degree 
of specificity, select vity, safety and reversibil ty thet would avoid production of a 
lasting impairment to the subject(s) or individua (s) activating the technique. 
Pharmaceutical agents, or calmatives. with a profile of producing a calm-like 
behavioral state were considered higtty appropriate forconsideration n the design, 
enhancement, end implementation of non-lethal techniques. While ethical issues 
are involved with the use of calmatives in tiis context, consideration of these 
issues was beyond the scope of this project. The Researchers concentrated cn 
the task of defining the ideal characleristies of a non-lethal calmative technique, 
conducting extensive literature searches and providing an indepth analysis of 
this rraterial. In addition, the Researchers have provided recommendations for 
the developnnent and use of calmatives and other pharmaceutical agents, Includirg 
convulsants, as nor-lethal techniques. 


Pharmaceutical agents considered under the topic of “calmatives" include 
compounds known to depress or inhibit the function of the central nervous sysiem. 
Several majorclasses of pharmacologicai compounds under this categcry incluce 
sedative-hypnotic agents, anesthetic agents, skeletal muscle relaxants, opioid 
analgesics, anxiolyics, antipsychotics, antidepressants and selectec drugs of 
abuse. Drugs which depress the nervous syslem have range of efecls thal are 
dependent on the dose and duration cf crug adrrinistered; these shysiological 
and behavioral effects range from amelioration of anxiety, mild sedatior, hypnotic 
effects to coma and death. Pharmaceutical compounds recommended tor use as 
non-tethal calmatives will typically not be administered to produce deep sedation 
of hypnosis; rather, calmatives will be used to relieve anxiety and produce mid 
sedation, Moreover, the compounds featured for in-depth discussion in this report, 
have unique characteristics that offer specific advantages in a non-lethal warfare satting. 


The Advantages and Umitatiers 
of Calmatives lor Use as a 
Non-Letral Technique 
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This report highlights the pharmacoiogical effects of a calmatve, including a 
discussion of pharrracokinetic and prarmacodynamic principles of drug action in 
the central nervous system. Tha pha’macological effects include consideration of 
a calmative’s route(si of administration, rate of absorption and distribution, 
biotransfernation and excretion profiles, mechanism of actlons, as well as 
cunsideration of known sice effects, The importance of data on calmatives obteined 
‘rom both prectinical and clinical research was considerec tc be vitally needed 
information in the assessment of a calmative agent. Additional considevalion was. 
also given to research with calmatives conducted in patient populations with a 
-arge of disruptive behaviors, ranging from treatment of withdrawal from alcohol, 
alleviation of debilitatng anxiety concomitant with social phobia. therapeutic 
treatment of viclent parolees, as wel’ as others to provide information relevant to 
the agplicaton of a caimativein an agitated population, riot ard/or hos-ace situation 
requiring deployment of a non-lethal technique. 


The Researchers identified the characteristics of an ‘ideal’ calmative as a nov 

iethal technique -o include: 

Ml easy administration 

@ adaptable for administration via topical, subcuraneous, intramuscular, or 
oral routes 

rapid in onset 

most likely of short or limited duration 

@ = production of agprox mately the sane magnitude of calm (ranging from a 
less acitated, groggy, sleepy-like slate to a stunned state of consciousness} 
in all individuals of similar bady mass index and age range 

™@ the effects should be reversible by a prolile of rapid tumover and/or the 
availability of a selective antagonist tc serve as an antidole 

@ the compound should be safely administered by an individual and free of 
prolonged toxicity to the individLal{s) -eceiving the agent 

Monty be administe’ed on a temporary basis. 

WM produce side effects, if any, of shor duratior. 


The Researchers noted that in dentitying an optimum calmative for use as a non- 
lethal technique, the choice of agent for application in a fisld setting would depend 
upon the situation of the crisis requiring intervention. in this regard, wide ranges of 
polerial agents were considered and it was noted tha! 4 sees of calmatives with 
different mechanisms of ection. duration of effects and decths of ‘calm mightbe appropriate 
far develapment. It was noted that drugs can be tailored to be highly se‘eclive and 
specific for known receptor (protein) targets in the nervous system with unique profes of 
biclog cal effects on consciousness, motor activity and psychiatric impact. 


An extensive review of Iha medical research irerature and several commercial 
sources of current pharmaceutical Information were searched on topics carefu ly 
selected for their relevance to calmatives. The CALMATIVE dalabase generated 
includes over 7,000 references obtained in conducting this research. These results 
damonsiraied that a larga body of highly ralevant information is available on 
calmative agents. 


This report bightights the 
pharmacoloxeal effects 
ofa calmulive, mcluding 
a discussion of 
pharmacokinetic and 
pharmacodynamic 
brinciples of drug action in 
the contral nerenus systent. 
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Several classes of compounds were identified from the CALMATIVE database as. 
having high potential for use as a non-lethal caimative agert and include: 
benzodiazepines 

alpha,-adrerareceptor agonists: 

dopamine D3 receptor agonists 

serotonin selective reuptake inhibitors 

serotonin 5-HT,, teceplor agonists 

opioid receptors and mu agonists 

neurotept anesthetics 

corticotraphin-releasing factor receptor avtagonists 

cholecystokinin B receptor antagonists. 


The discussion for each category of agent includes identifcation ct specific 
compounds (typically receptor agonists and antegonists) as well as review of the 
clinical effects and the mechanism of action. In addition, each class of compounds. 
and specific drugs were discussed in light of thelr proposed contribution as a non- 
lethal technique. The Researchers ident fied several drug classes (c.g. 
benzcdiazepines, aipha 2-acreno-eceptor agonists) and individual drugs 
(diazepam, dexmedetomidine) lound appropriate for immediate consideration as 
a non-lethal technique. Equally important, the Researchers identified many 
promising naw developments that daserve further consideral an with high potential 
as prototypical calmatives with availability in the near future. 


It should be noted thal the Researchers did no: consider that a particular drug 
does not currently have a methed of administration appropriate for immediate use 
as a non-lethal technique sufficient to disqualify a compound from further 
consideration as 2 non-lethal calmative agent, as the area of d-ug delivery continues 
te Ge a rapidly developing field. The Researchers has directed attention to several 
promising breakthrougts in improving drug delivery of macromolecular compouncs 
and recommends this issue for further discussion. 


the Researchers identified 
several drug classes jor 
inumediate consideration as 
2 t0n-ethal technique. 
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Introduction 


Tha Research Objective 


The research objective for this project incluces the accomplishment of the following: oT cediretives” have 
™ Define the advantages and limitations of pharmaceutical compounds as undergone a remarkably 
calmatives with pctential use in xon-lethal techniques. rabid phase of growth, 


H Provide a comprehensive survey of the medical literature utiizing 
pharmaceutical agents to produce a calm slate with pctential for use asa 
non-lethal technique. This information will provide a current dacabase of 
tre relevant lite-ature on calmatives. 

= Provide an in-depth review of selected calmatives idertified by the literature 
search with high potential for lurther consideration as @ non-lethal technique. 

M Icentify and “ecommend promising new areas in pharmaceutical drug 
development that are poised to uniquely meet the requirements of 
calmatives as non-lelhal techniques. 


The Subject of Review 

Calmatives have potential for use in nar-lethal techniques. Currently, the majority 
of non-lethal techniques invoive the use cf physical restraint, induction of acute 
physical pain, or other immobilization strategy. Chamical irritants, which incluce 
pepper spray or tear gas, serve lo illustrate another series of approaches currently 
used in sifuations of crowd control. However, to date, the vast array ot 
pharmaceutical compcunds that produce a calm, non-agitated behavioral state, 
may have potential ulility as non-lethal techniques, either alone or in combination 
willl established approaches descrived above. 


Since the mid 1960s, the availability of these pharmaceutical agents, herein termed 
*ealmatives." have indergone a remarkably rapid phase of growth. indead. the 
premier stalus of the US pharmaceutical irdustry Ir the world markets, combined 
with the exponentia: developments in the fields of pharmacology, neuroscience, 
anesthesia, and biotechnology fields, ameng others, has brought forth a diverse 
array of compounds that produce sedation anVor a caim stzte as either a primary 
or secondary effect. The challenge of assessing the potential use of calmative: 
non-lethal techniques requires an initial screening of a broad array of potential 
candidates, followed by an in-depth assessment of compounds with features 
uniquely suited towards use as a non-‘ethal technique. The approach taken for 
this report on calmatives as non-lethal techniques was to a) define the 
characteristics 01 an “ideal” non-lathal calmative, 0) provide a broad-pased yet 
largetad review of medical based lilerature and commercial databases containing 
calmative properties with pharmaceutical agents te create a database resource, 
and c) conductin-depth literature reviews of drug classes and prototype compounds 


The Advartages and Lmitations 
of Caimalives tor Use a5 a 
Non Lethal Taehnique 


which may best meet the profile of a nan-lethai calmative technique. in addition, 
this report highlights several new ereas in pharmaceutical drug development with 
high potential tor impact cn deveiopmert of non-lethal techniques. 


Contribution of the Report on Calmatives 

Thereis a nesd for non-lethal techniques witn a high degree of specilicity, selectivity, 
safety, and -eversibility to avoid producing a lasting impzirment to the subject(s) 
or individual(s) activating the technicue. Consideration of the use of calmatives 
as non-lethal tachniquas is both timely anc warranted. 


There are numerous pharmaceutical agents with 2 profile of preducing a calm-like 
behavioral state currently available in clinicat practice. Moreover, wide arrays of 
new compounds with urique cellular and molecular mechanisms are under 
development by the pharmaceutical industry for their ability to produce calm and 
tranquil-like states of behavior. Therefore, this report serves as an essential first 
step in identification of calmative pharmaceutical agents with potential utility as 
non-lethal -echniques. The extensive survey of the jiterature conducted on 
calmatives serves to emphasize that the ‘time is right’ with respect to considering 
pharmaceutical agents as appropriate new approaches to be Incorporated in the 
design, enhancement, and impementatior of non-lethal techniques. 


In considering the application of calmatives as non-lethal techniques, The 
Researchers would also like to note tha: the use of these agents stiuuld be 
considered in an ethical context. While 2 review of the ethical principles and 
practices for use of non-lethal techniques is beyond the sccpe of this repert, it is 
imporiant to note that there are both naticnal and international standards of conduct 
applicable :o the practice of medicine and military conduct that may require 
consideration in the implementation of a calmative as a non-lethal technique. 


Important Observations from Literature Search 

on Calmatives 

Several key observations emerged ducing the course of conducting sxtersive 
literature research on calmatives. First, there is an explosion of new knowledge 
and developments in pharmaceuticals producing sedation and/o- calm behavior 
as a direct and/or side effect. Tris wealth of information includes rapidly emerging 
developments ir the fields of cellular and molecular biology, neuroscience, 
psychiatry and anesthesia, among others. Second, the goals of new drug 
development effo-ts, namely continued improvement in specifielty, selectivity, safery 
and reversibility are the goals for improvemen:s in non-lethal techniques. The 
compounds discussed that are underdevelopment by the pharmaceutical industry 
were selected for these advantages. Thus, new compounds are in “the drug 
development pipeline” that will have an impraved ecse of de'ivery, specific cantral 
of duration of effect, specific sites of acticn and other popertes that may prove 
advantageous to design of inavative nonetnal techniques. Tard, new classes ot 
Pharmaceutical agents and naw campounds, are poised to meet the unique 
fequirements of the non-lethal warfare arena. Uimately, new compeunds can be 
designed lo better meel the requirements of nonethal techniques fer isc in specific 
miittary and clilian situations. 


nor-lethat techniques with 
a nigh degree oj Specificity, 


reversibility... 


.. be goals uf new drug 
deeiopment efforts, namely 
continued tprovement in 
specificity 3 
and reversibility are t 
goals for improvements 
non-lethal techniques. 
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Calmatives — Advantages and Limitations 


Detine the advantages and limitations of pharmaceutical compounds as calmatives 


with potential use as non-lethal techniques. « “calmutives”...inclide 
sedative-byprotic agents, 
What Is A Galmative? anesthetic agents, skeletal 


4 wide variety of pharmacological approachss modulate mammalian behavior, — nzescle relcuents, op 
including human, non-human primates ard rodent epecies. Pharmacological  anilgesics, anti anxiety 
compounds (or agents) producing a caim or tranquil beheviora’ slate upon arsif! 
administration are termed “calmatives.” ‘n most cases, the state olcalmproduced = arfiddepresscanee.. 
will, ir part, depend on the existing behavioral state of the individual before the 
pharmaceutical agent is administered (e.g. agitaied, aggressively viclent) and the 
dose and route of drug to be administered, ard the pharmacokinetic and 


pharmacodynamic properties of a given compound. 


Pharmaceutical agents to be considered unde; the topic of ‘calmatives” willincluce 
compounds kriown to depress ur inhibil the function of the central nervous system 
terned {depressants}. There are several major classes of pharmaceutical 
compounds that fall underthe category cf depressants including sedative-hypnotic 
agents, anesthetic agents, skeleal muscle relaxants, opicid analgesics, anti-anxiety 
or anxiolytics, anlipsychotics, antidepressants, and selected drugs of abuse. These 
pharmaceutical agents or “drugs" procuce their effects by actions targeted to 
specific targets, typically recepiar proteins that 2re located in the central nervous 
system, including the brain, While each of these drug classes have diveree 
mechanisms ol effects on their target tissue (the rervous system), the range of 
drug-induced effects are dose-dependent. Depressanl drugs can produce efects 
that range trom anxiolytic, mild sedation, hypnotic and even coma and death as 
dependent upon the dese of drug administered and its spectrum of pharmacological 
effects. 


Pharmaceutical compounds recommended for use a3 calmatives with sigh potential 
as non-lethat techniques wilt typically not be adminiscered ‘o produce deep sedation 
or hypnosis. Those recommended will relieve arxiety and mild sedation. Compounds. 
selected for in-depth discussion will aiso have features thal offer specific advantages 
in. a nondethal warare setting (see following section on “An ideal Non-Lethai Calmatve'}. 


Pharmacological Effects of a Calmative 

The pharmacological effects of a given compound are critically affected ty its 
pharmacokinetic profile, which include its route of administration, rate of drug 
absorption and distribution, blotransformation, and excretion. as well as its 
pharmacedynamic profile, which determines its mechanism of action. For exarpic, 


Nor-Lemal “eennique 
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in order to understand the pharmacokinetic effects of a calmative agent, irformation 
is needled on how tha drug has access to the brain (2.g. is it absorbed through the 
skin topicaly}, Information on variabes which may enhance or inhibit the 
compound's distribution and/or metabol'sm {e.g. was the subject ingesting large 
quantities of alco7cl), as well as the ability of the drug tc be removed or cleared 
from tne subject by excretion needs to be established. A crilice! factor witl ali 
drugs, including agents which act on the central nervous system, ‘s their ability to 
enter the brain. The entry of drugs into cerebrospina fluids and extracellular space 
of the central nervous system is restrictad by tha an arrancamert of endothelial 
celis described as “the blood brain barrier” Not only is the rate of cerebral biood 
flow an important facto” in allowing a compound to reach the brain fissue, bu: the 
tate of diffusion cf a drug into the central nervous system fs affected by the size 
and the chemical charge or polarity of the agent. 


In order to establish the pharmacodynamic profile of a compaund, the chemicat 
and physical interaction of a given drug with its target tissue must be detneated to 
understand the mechanism of action at a specific anatomical site ia the central 
nervous system (CNS). Drug action in the CNS includes a critical role lor recepiors, 
which are proteins lhat Serve as binding sites for endogenous regulatory ligands, 
Including ho-mones anc neurotransmitters. Receptors, and their associated effector 
and signai transduction systems, act as Ine inlegraters of extracellular information. 
Slimulation of a drug at it's receptor ty an agonist {termed receptor agonist) 
generally transmits a signal to an individual ceil thaz, in turn, begins a cascade of 
cellular and molecular effects that aker the regulation of that cell. In turn, the 
specific effect of a drug on a giver receptor may be chemically blecked by 2 targeted 
compound termed receptor antagonist). As will be evident in the discussicn of 
agents identitied tor use as potential caimatives in a non-lethal warfare setting, 
the speciticity of the agent will be closely linked to actions as a recepior agonist or 
antagonist. The aniliy to stap arterminate the etfeclive action of a given caimative 
may be linked to the administration of a specif receptor antagonist, which wil, in 
turn, block the actions of the pharmaceurical agent at the :arget region in the brain 
or other central nervous system site. 


Preclinical and Clinical Information on Calmatives 

in order to cbtain as complete information as possible on a given calmative agent 
with potential as a non-lethal technique, close attention to two distinctly different 
lypas of medical rasrarch literature was deamad essential — hoth preciinisal and 
clinicat research literature. Each type of research data provides a valuable and 
unique contribution to cur current knowledge of calmative agen:s. Both preciinical 
and clinical research provides important irformation vilal toward identification ot 
calmatives that may be best su ted for use as nen-lethal techniques. 


In tie preclinical arena, research investiyations ave typica fy conducted in a variey 
of models ranging from /a vitro isolated call cultures to recordirg in brain slices or 
in anesthetized small animais. Often data ootalned In a preclinical research settirg 
is obtained using bacteria or yeast cet’ models. tn addition, receotor pharmacclogy 
is oflen established in isolated membrane preparations. Eact of these types of 
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preparations allow for the precise quantification of dose-response sitecis fora drug 
and provide the opportunity te explore celtular and molecular mechanisms of drug 
action; such experiments are simply not feasible or ethical in the intact human brain. 


Results obtained Irom research conducted in a clinical setting provide additional 
information thatis vitally needed in assessment of calmative pharmaceutical agents. 
First, such data is recuired to demonstrate that a given drug will provide tre desired 
behaviaral effects. Moreover, while effective dose ranges can often be estimated 
In apreclinical researct selling, lie duses anc routes of drug administration must 
te confirmed in a human population. Likewise, potential toxicities and side eftects 
that may caLse harm to an individual can be identified in a clinical research setting. 


An additional feature of clinical litereture, with particular relevance to the 
identification of pharmaceutical agents that may be effective non-lethal caimatives, 
is the use of rasearch results obtained from specific patient populations. For 
example, pharmacctnerapeutic approaches for the treatmant of alcoholism, where 
pativnis are oflen experiencing withdrawal syndromes that Include anxiety, agitation, 
disorientation and hallucinations, have idenlified serotonergic drugs and 
benzodiazepines as useful cancidates in reduction of thase withdrawal symptoms 
(see Objective 3). The application of serctonin active drugs as psychotrapic agents 
for the treatrnent of patients suffering from scciel phobia, ar arxietytelated disorder 
characterized by excessive fear in perto-mance or interactive situations involving 
intensive evalualion by others, identified the effectiveness of treatment with 
busplrone and serconin selercive reuptake inhibitors (SSRIs) in tese patient 


populations. Other selected patient populations, including individuals with 
obsessive-compuls-ve disorders, attention deficit hyperactivity disorders, or 
behavioral disturbances with dementia including disruptive behaviors and aggression, 
provide information directly relevant to the appication of a calmathe in an agitated 
pogulation, riot or hostage situation requinng use of a non-lethal technique. 


An Ideal Non-Lethal Calmative 

In seeking to identify prarmaceutical agents useful as calmatives in a non-lethal 
technique, severel characteristics may contribute to the profile of an “deal "agent. 
The calmative should be easy to administer znd adaptable for administration via. 
topica’, subcutangous, intramuscular or oral route. The orset cf action for this 
compound should be fast (seconds to minutes) and most ikely of short or af 
limited duration (minutes). A given dose of the agent should produce approximately 
the same magnitude of calm (ranging from a less agitated, groggy, sleepy-like 
state to a stunned state of consciousness, sleep state, deep seep or light 
anesthesia) in individuals of similar body mass index and age range. The effects 
of producing calm state with this agent should be -eversible either by a profiie of 
rapid metabolism and elimination and/or the administration of 4 selective anlagonist 
specifically designed to block the effects of the administerad calmative. The 
compound should be able to be safely administered by the inividual wilizing the 
non-lethal technique and free of any prolonged toxicity to the individual receiving 
the agent; the caimative should only be administered on a temporary, typically ore 
lime basis, and thereiore produce side effects (headache, nausea, vorniting), if any, of 


. rescarch couducted in @ 
clinical sefting demonstrates 
that a piven deng vill 
provide the desired 
bebavioral effects. 
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short duration. Note that a series of calmatives may be appropriate for consideration 
with different mec‘anisms of action, duration of effects and different depths of “calrr” 


In identifying an optimum or ideal calmative for use as 2 non-lethal technique, it 
should be recognized thal the choice of agent for application in a field settirg 
would deperd upon the siluation of the crisis requiring intervention. For example, 
an individual running towards you with a gun may pose an immediate threat or 
perhaps be trying to protect you; in contrast w th this immediate theat a’e a group 
‘of hungry refugess that are excited over the distribution of food and unwilling to 
wat patient y. In t1ese two cases the degree of “caim" required is vastly different in 
magnitude and the target populations are also different. in many cases Ihe choice 
of administration route, wrether application to drinking water, topical adrrinistraticn 
to the skin, an aerosol spray Inhalation roure, or a drug-tilled rubber bullet, amorg 
olliers, will depend on the environment. ! is also important to note that a 
pharmaceutical agent or drug cannot discriminate a target; whoever comes in 
contact with the agent will experience the intended dose-dependent 
pharmacological and physiological effects. However, drugs ean be tailored to be 
highly selective and specific for known receptors and their biological effects en 
consciousness, motor activity and psychiatric profi'e. 


As will be discussed under Objactiva 4, new and improved methods for 
admiristration of pharmacological agents are under continuing development. It 
should be noted. Irat the tact that a particular drug does not currently have a 
method of administration appropriate for immediale use as a non-ethal technique 
should not disqualify this compound from present andor future consideration asa 
non-lethal calmative agent. The developments in this arena of drug application’ 
admiristration will continue to emerge in a rapid fashion 


Required Use af Medical Attention with 

States of Unconsciousness 

It shculd be recognized that all drugs, cluding caimatives tha: may cause 

unconsciousness might necessitate medical attention for the following: 

@ Ensure that the subjects dd not “go to slees" in positions that obstruct their 
airway, 

Check for ths occasional person who may stop breathing (many medical 
reasons In the unhezlthy, the elderly anc very young but very unlikely in fit, 
healthy soldiers or other individuals who may not be the target pepulation), 

W > Avoid injuries due fo the fail of “falling asleep” (bump to heac on object or floor), 

Administer an antidote which may ‘eculre medical attention; and 

@ Determine how long lo monitor and povide medical attention as oependent 
upon the route of administration and dose of the active calmative and/or 
antidote/eslective antagonist. 


Specific Advantages of Calmatives Over 

Other Non-iethal Techniques 

Are there advantages to the production of a calm state in 2 non-ethal techrique 
versus the use of blunt trauma and/or compliance through pain? One area of 


cabmesti 


.intight 


necessitate mecticdl 


adiention... 
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consideration is tvat biunt trauma has an incidence of organ damage, which mey 

include the eyes, liver, <idney, spleen, heart and brain, that may be permanent or 

even death. Other methods of inflicting pain ‘or control of an Individual are 

sometimes socially unacceplable. in contrast, a pharmaceutical agent may be 

administered in a discrete manner to a seiected individual or a drug agent may te 

selected with a known duration of elfect. Moreover, much lke compiance produced 

with blunt trauma or other restraint method, virtually all individuals will respond n 

a dose-dependent manner. The ‘imitation to the use ot calmatives in a non-lethal 

technique may. therefore. be re atively few. 

_ virtually al individuals 

will respond in a dose- 
dependent manner. 
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Literature Survey - Methodology 


Provide a comprehensive survey of the medical literaure identifying pharmaceutical 
agents that produce a calm stale with potontial for usc as a non-lethal techniquo. 


de secerch process 

This information will provide a database of current relevant camative Iterature. —_sadifizec] the aust up-to-date 
irformation currenily 

The Search Process avaiable on 

A comprehensive and intensive search of the pubished research literature was pharmiacetticel 

conducted on pharmaceutical agents with potential utility as calmatives. The overall — cavipourads neler 

strategy of te search process was to identity key topics (e.g. camnativas, sedation), § — dez'vigpmeni. 

drug classes (e.g. benzod:azepines, opioids), drugs (e.9. 3Bi01, midazolam}, and 

behaviors (c.g. aggress:on, agitation), and then systematically search a wide variety 

of blomedical research iterature databases. On a weekly and screlines daily basis, 

results of searches were reviewed by the Researchers and further refined and 

redirected. In addition to ine Researchers, searches were conducted by two postdoctoral 

leval individuals with backgrounds in neuropharmacology and with assistance froma 

eference librarian: at Penn State University. As “he volume of materia! is so extensive 

under many of Ihe topics, tne task required constant assessment of the quality of the 

-eference material and relevance to the non-lethal technique requiremants. 


In addition, commercially available databases were searched, including DIALOG.com 
and IDDB.cam (Investigations Drug Development Base). These sources were carefully 
selected for high quality and their access and emphasis on the newesi developments 
n drug development, including compounds undergoing drug discovery and Phase |, II 
‘ot Ill clinical investigation idals, Thus, the search process utilized the most up-to-date 
mMformation currently available on pharmace.tical compounds urder development. It 
shouid be noted that the Researchers did not have access to any proprietary information 
that had not yet been published or protected by patent-related activity, such data 
access would require individual disclosures and confidentiality agreements beyond 
the scape of the present investigation. 


Records were maintained on all searches, including key words, dates of searches, 
databases searcred, outcomes, and hardcopies. 


Profile of the Calmative Database 
All references identified in the search process are included in the catabase termed 
CALMATIVE: this datasase includes over 7.800 references. 


References and abstracts were placed ir a Reference Manager format that is 
designed for use with Windows $8/95/NT. The CALMATIVE databass ic included with 
this report an a formatted ZIP drve and is available in printed format upon request. 
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Ih add tion, to improve the ease of subsequent use of the CALMATIVE database, 
@ second formattsd database, termed CALMIOPICS database was developed. 
This database which includes identificat on of subtopics end themes identified for 
references included in che master CALMATIVE database The topics and themes 
included in CALMTOPICE are | sted in Table 1. 


This selected database provides a comprehensive survey of the currert medical 
literature utilizing pharmaceutinal agents to pmduce a caim stata with petential for 
use as a non-lethal technique (30 April 2000). 


TABLE t TOPICS AND THEMES OF THE CALMTOPIC CATABASE. 

4. Calmativess 2 Aggression 

5. Antipsyehoties end Aggression Z Treatment of Agitation 

E Treatment af Panic &. Animal Model of Panic 
Flactate Induced Paris 3 Alnespirane 

€_Lesopitron 10, Benzodiaxapine 

71 Bonzadiazepine — Machanism 12. Anxiety in Mice 

13. Anxiety in Rats 12, Anxicty in Manwnals. 

35. Anxiety in Humans 16. Arimal Screening 

7 Bisiahinat 18 Zoniclone 

18 Faipiriem 20. Zaeplon 

21. Flamazenit 22. Resinreratoxin 

2S, Divaiproax 24. GABA, Receptor & Deficien! 
25, GABA, Recolor & Mutant 125. GABA, Receplor & Tanszenic 
237, GABA, Receptor & Anxiety 28. GABA, Receptor & Sedation 
BS_Alpazolam| 30. Nelazodone (Panic & Nefax— Vanlatex - Fluvox) 


1 Velproate & Panic Disatder Aqgress.an 32 Yenbline, Aunoramine, Neiazadone, Mrlazapine & Aguession 
53. PTSD = Onig Therapy 


% 38. Short 
59, Aipral Agerlst & Agtalion 40, Alphad Agonist & Panic 

41 Alphad Agcnisl & Paslopesative 42. Alpha? Acsnist & Sedation 
43, Clonidine & Sedat 44. Ciasidine & Ag'tetior 

48. Cloridine & Pa:n 46. Clonidine & Postoperative 


‘48, Dopamine Receptor Agonis: & Sch zoghweaia 
‘30. Dooamine Receptor (AR) Antagonist & Aggression 
Et. Dopamine Receptor (DAA: Anagonist & Agitaion 52. Dopamine Racaptor (OAR) Antagonist& Schizophrana 


53.03 & PCP 154. POP Faychosis 

56, PD 128907 (D9 Agonist) 56, D3 Receptor & Schizoptrenia 
57__DS Receptor & Paychosie 58. D4 Receplor & PCP Psyct-csis 
56. Pheteyclidine & Dopamire 60. Phenoyolidine & Mechanism 
G1, Geamide 62. S-Hydroxyiryptamine Mcoul ne 
6B. Sertraline Aggression 4. Buspirone & Anviety 

GF. Buspirane & AggressisnMocd/Comsat__68 Buspirone & Tanquikzers 

&7, Buspirone & Motor Activity 8. Busplore & impulse Control Disorder 
§9. Buspirone & Phobic Disorders. 78, Buspirone & Aloohol Uainking 
71, Busprone & BHT Anlagonests 72, Buspwone & UAID; Teccplols 
73, Cartentanil 74_ Propotst (Olpnven) 

75, Opiold & impulse Corerol 76. Oficid & Aggression 

Fr tay yout 7@ Orahasin Fy 

75. Sigina & Aggression BO Anau danide 

1, CRF Antagonists G2. GOK 

¥S_GCK Receptors 84 Sr1076 (GCKD Antagonist) 
46. 01366 86 CR 2045. (GOKB Antagonist) 
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B/. Human, Hypercortise ism & Aggression 


88 Human Hypercortlectiom 


89. Salway Cortical 


‘90. Neuropaptides & Anxiety 


91. Prohormane Tonveriasa/Proprolsin Convertase 


92 Neuroeplide ¥ Antagorist 


93, Neuropeptide & Antagonist - BIBPS226 


‘ed Neurosaptida Y & Aganist 


95. NeuropeptidesiStastanea P Antagonisis 


‘86. Urseo-tin & Antagonist 


97. Oxyeotin & Agonist 


98. GHB 


103. Reumleptanaigasie 


99. Neuroleptic 


101 Fisperinane 


102. Tamadal 


403. Cilocoline 


104. NRL & Redont 


105. Nilric Oxide Syathoee ~ Brain 


105. FO 48-6791 


1G?, Sevotiurane 


108. Cesfiurans: 


109, Iscflurane 


119. Bulancdol 


111. Gastrin Raceato- 


112. Author ~ Re nscheld, =K 


113. Author — Kasler, A. 
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Selected Calmatives — Results 


Provide an n-depth review of selected calmatives identified by the literature search 
with high potential for further consideration as @ non-lethal technique. 


Rationale for Topics Selected 

The pharmaceutical drug classes and agents selected that are highlighted in the 
fallowing section have been chosen for an appropriate action as a caimative (Table 
2). These compounds have been demonstrated, indicated and/or are being 
developed to treat agitaced, aggressive and/or anxiety-related behaviors and, 
hence, result in a calm state. A range of drugs with distinctly different cellula’ and 
molecular mechanisms of action with diverse biological and physiological elfects 
has also been included. We recognize thal “an ideal calmative” may well be 
dependent upon the situation in which it is uitimately depioyed. Therefore. it is 
important that all promising candida‘e calmatives and options be explored. 


For each drug cass and pharmaceutical agent chosen for further discussion, a 
brief summary of characteristics is provided, fcilowed by a morein-depth discussion 
with selected references 


TABLE 2. SELECTED CALMATIVES. 


Drag Class Selected Compounds Site of Action 
Benzocezepines diezeoine (Valium, ‘GABA raveatons 
migazsiam (versed) 
elizolem 
Hurnazeni (antaconist) 
Aigha, Adrenergic Receptor Agonists clonidine ‘Alpta, adrenergic receptors 
dexmedetomdine (Preczaex) 
uparoxan (entagonist) 
Dosamine DS Receptor Agenists —_pramipexole D3 recapiors 
‘CH1007 
PO (28907 
‘Selective Serotonin Rauptake Tuoxaiina (Prozacy 
seitra ine (Zclatth 
Paroxetine 
WO-09500184 
‘Serotonin 5-HT,, lezepior Agonists buspitone (Buspar) ET, Feceptcr 
lesopitron 
alnespirone 
MCK2E 
WAY-=00,635 
oleamide 
‘Opioid Receptors and Miu Agonists morphing Wu reception; enzymatic 
canertand 
Raloxone (arkagen'st) 
eurolepr Anesinetics Propolol (ahiso-propyiphenal) GABA receptor 


The Advantages anc Limtations 
of Calrratives tor Uso-ns a 
‘Nov Lethal Tecriiqe 


Sile of Action 
DA. NE. and GABA receptors 


Drug Class Selected Compounds 
droperidol and tereany 


sambinatior (Innowar) 


shengyclid nes (Ketamine) ‘Obicid receptors: 
Eorlicotropin-Faleasing Factor GP 154.525 ¢antagonist) CRF receptor 
Receptor Antagonists NBI27914 (antagonist) 

GRE-SP (Einding proicin; 
Cho caystokiner 8 Racapter Antaconists CCK-4 CCKB recertor 


SL988 (antagonist) 
GI1015 (antagonist 


Benzodiazepines 
SELECTED COMPOUNDS: 
— diazepam {Valium} 
~ midazolam (Versed) 
—etlzolam 
—flumazenil (antagonist) 


CLINICAL EFFECTS: 

Benzadiazepines are used as calming agents, for treatment uf anaiety (anxiolyiies), 

amnesia, pre-operative sedation and induction of general anesthesla. A side effect 

ls thal these agents depress respiration and the cardiovascula’ syslen. 

Benzodiazepines are used extensively on a daily basis, as cral and intravenous 

agents, ant fall into 3 caleyories: 

1. Ultra-short acting agents (midazolam) with :herapeutic halfives measured 
in minutes ae used for sedation and anesthetic induction. 

2. Intermediate acting {iorazepam) with hali-lives of 1-18 hours, are used for 
short-term relief of anxiety symptoms. 

3. Long acting agents (diazepam) with eliminatior half-lives of 100 hours or 
more are used for treatment of anxiety d:sorders and adjuncts in managing 
ssizure diso-ders. 


Paradoxical reactions, such as anger, hastilty, ard mania have been reported 
with presently available benzodiazepines. 


Flumazeni, is available as an antidole to benzadiazepines and has been used as 
an effective competitive antagenist in cases of toxicity or averdose. 


MECHANISM OF ACTION: 

Benzodiazepines stimulate and enhance gamna-aminobutyric acid (GABA) which 
is the major inhibitory neurotransmitter in the central nervcus system (brain and 
spinal cord). 


There are severel GABA receptors (GABA, GABA,, GABA.) which have further 
sub-units and isotypes of sub-units (see full description}. Cifferent regions ot the 
brain 1ave receptors of differing combinations of subtypes, trus conferring different 
pharmacological properties In various areas of the central nervous system. 


Benzudieaseines... 
depress respiration and the 
cardio-vascular stem, 


Diazepam (Valium) 
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Due to the existance of differing GABA raceptor sub-units in various brain regions, 
it may be possible to design benzodtazepines that mediate sedative effects without 
prcducing respiratory and cardiovascular depression and a'so lacking the 
paradoxical effects of stimulation. 


PROPOSED CONTRIBUTION AS A NON-LETHAL CALMATIVE TEGHNIQUE: 
Benzodiazepines ara prototypical calmative agents with varying profiles trom rapid 
onsetand s1ort-acting, through Intermediace acting. to very long-term effects. The 
agents can be administered by a variety of routes, including oral and parenteral 
(intramuscular and intravenous). The benzodiazepines have synergistic effecis 
with several other pharmaceutical agents with direct and indirect GABA effects. 
(e.g. Earbituates and narcotics}, leading to lower doses, and enhanced safety, for 
both groups of agents. 


This literature search has indicated that benzodiazepines (and all GABA receptor 
agonists} have a major potential use as non-lethal lechnique calmatives. 


DISCUSSION: 

Gamma-aminobutyric acid (GABA) is the major inhibitory neurotransmitter in the 
mammalian central 1ervous system. Several receptors, termed GABA,, GABA,, 
and GABA, have been identified as endogenous targets for GABA binding. Both 
GABA, and GABAg receptors exist as receplor-chluride io channel helere- 
oligomeric macromolecular complexes, while GABA; receptors are members of 
the G-protein coupled receptor super-family. 


Many pharnacolagis agents with anxiolytic and sedative properties are known :0 
interact with GABA, receptors. This receptor is comprisec of at east three differet 
subunits, termed alpha, beta and gamma. Severa’ diffeent Isotypes for each of 
the subunits have been identified, including six different alpha sutunts, 4 bera 
subunits, and three gamma subunils. The sloichiometric arrangemert cf these 
subunits is presently unknown. However, receptors In ditteren: regions of the 
brain are comprised of differing combinations of subtypes, thus conferring different 
pharmacologic properties to the receptor-ion channels in various arsas of the 
central nervous system. 


Experimental analysis has shown that GABA binds to sites on either the alpha or 
beta subuniss of the GABA, receptor complex. When GABA is bound to its receptor, 
chloride conductance through the ion crannel portion of the receptor is initiated. 
As chlorice ions pass threugh the ion charnel, neu’onal membrane 
hyperpolarization results, making it more diffict for neurons to reach thei threshold 
poten:ial for neuronal firing. Ultimate y. GABA binding to GABA, receptors results 
in a decreased firing rate of neurons in the central nervaus system. 


Sedative-hypnotic agents, such as benzodiazepines act at GABA, receptors. 
Benzodiazepines do nol subsliute for GABA. however, they augment the effects 
of GABA by binding to the gamma subunit of the receptor-ion complex. 
Benzodiazepines enhance chloride conductence initiated by GABA's Interaction 
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with GABA, receptors by increasing the frequency of ion channel opening events. 
(it is worth noting that older generation sodative-hypnotics such as drugs in the 
barbiturate class also act at GABAg receptors by increasing the duration of GABA- 
gatec fon channel openings. Due tc their low margin of safety, barbiturates have 
been large y replaced by the safer benzodiazepine class of agents.) 


Clinically, benzodiazepines have been used as calming agents for a wide variety 

of thecapevlic purposes including sicep induction, adjuncts to surgical anesthesia, 

epilepsy, depression of polysynaptic musculoskeletal reflexes, and treatment of 

anxiety states. A drawback to usage of benzodiazepines is thateven attherapautic §—... benzodidzebines have 

doses, respiratory ana cardiovascular depression may occur, prodablyasa result beer used ees calining 

of action on medullary respiratory and vasomotor centers. agents for a wide cartety of 
therapeutic purposes 

Although benzodiazepines share a common chemical strucure, that of a 14 incieding sleep induction, 

benzodiazepine, the side-groups added to each agent confer slightly different — dedjeznets fo surgical 

properties to the various compounds. These substitutions alter both the — @vlesibesta. epilepsy. 

pharmacolagic properties of individual drugs, rendering some agents more — dgpressivie uf pulsyneilic 

efticecious in achieving various calming slates than others, as weil as the i7escidoskeletal refie’ 

pharmacokinetic properties of the drugs. Pharmacokinetically, benzodiazepines ized Arecetnzerté of anxiety 

vary in their rates of onset of activity and their duration of action, which isinfluenced — Sizi&s. 

by route of elimination and the presence or absence cf active metabolites. 

Chiora7epate and diazapam have a very fast onset of action that tarminates rather 


slowly resulting ‘in elimination raif-lives ol 100 hours or more. The properties of 
these agents render them wetl suited for managing anxiely disorders, particularly 
felated to acute alcohol withdrawal, and as adjuncts in management of seizure 
activity. Other agenis such as alprazolam and lorazepam are relatively short 
acting. The onset of activity of these agents has been termed “intermediate” and 
these compounds have therapeutic ralt-lives of approximately 10-16 hours. These 
agen:s are indicated for the short-erm relief of anxiety symptoms. Stil! other 
benzodiazepines are ultra-short acting. These drugs have a very rapd onset of 
action, which terminates in a matter of minutes. Clinically, midazolam is an cxampie 
of an ukra-short acting benzodiazepine. Midazolam is usetui for sedation and 
anesthetic induction, processes which may occur in as little as two to five minutes. 
following intravenous injection. 


Alprazolar is administered orally and used clinically to manage anxiety or panic 
disorders. Although, prinarily used as a calming agent, paradoxca: reactions 
such as severe angar, hostility, and man:a have been reported with chis agent. 
While benzodiazepinas are considered to have a wider margin cf safety than 
basbilurates, death is cunceivable wits h gt enough doses due to depressive effects 
of these agents on medullary funclions. However, there are no well-documented 
fatal overdoses resulting from oral use of benzodiazepines alone; most fatalities 
indicate benzodiazepines as only a component to overdose in combination wth 
multiple drug injections. 


In contrast to alprazolam, which is administered only by the orei route of 
administration, midazolam is typically given as en injection. Midazolam has found 
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use primar ly as a preoperative sedative agent although it is also administered tor 
sedalion, anxiolysis and amnesia prier to or during shot clagnestic procedures. 
Midazolam may also be used as an induction agent for general anasthasia. An 
offtabel use of nidazolam involves treatment of epileptic seizures. Midazolam 
has been associated wilh respiratory depression ard respiratory anest lead nglo 
death or hypoxic encephalopathy. Althoug? benzodiazepines have lhe potentialio 
produce respiratory depression and cardiovascular collapse in overdose situations, 
their salety profiles are considerably safer than older generalion sedative agents. 
Furtharmare, in casas of toxicity or overdose, a benzodiazepine “acep‘or antagonist, 
flumazenil 
benzodiazepine over-administration. 


available that can be ulilized to reverse adverse effects of 


Newer, investigational short-acting benzodiazepines are currently uncer 
investigation lor potential roles as calming agents in various types of anxiety, 
depressiva disorders, and even schizophrenia. Elizolem, a short-acting 
benzodiazepine with climination kinetics between these of short-interrreciale and 
ultra-rapidiy eliminated benzodiazepines (Fracasso et al., 1991}, is one such agent 
Fotlowing admiristation of etizoiam to patients suffering from panic disorders, 
significant improvements were Seen in the following areas: chronic anxiety, phobic 
ideas, depressive symptoms and episodic anxiety (Savoidi et al., 1990}. Additionally, 
etizolam has also bean used succassfully lo suppress schizophrenic auditory 
hallucinations refractory to antipsycrotic treatment (Denazzi et al., 1393). Another 
investigational benzodiazepine is Ho 48-6791. This agent has been found to be 
comparable with midazolam, with a slightly shorter duration of action (Tang et al., 
1996; Dincemanse et al. 1997). Ro 48-6791 is currently ir phase Il clinical trials 
for evaluation as an anesthesia indueticn agent. Furthertrials are neeced to more 
fully evaluate the effectiveness of these compounds in mediating various calmative 
states. Their clinicat utility, in comparison with cther benzodiazepines, remains to 
he determined. 


In addition to tne search for new stort-acting compounds, another area of 
benzodiazepine research is focused on the cistinct pha’macolagic propertes 
mediated by various combinations cf GA3A, receptor sutunits. In experimertal 
systems, the intrinsic activity cf benzodiazepine recepter ligands has been found 
to vary with different combinations of receptor sudtypes (Knofiach et al., 1993). 
The degree of receptor modulation appears to be influenced primarily by the type 
of alpha subunit present. Several agents including bretazenil and .midazenil are 
presently being evaluated for effectiveness as calming agents in various disorders 
by teking advantage of their selectivity for various GABA, receptor subunit 
ccmbinaticns. 


With GABA, receptor subunite expressed differentially in various brain regione, It 
may be possible lo design benzodiazepines that mediate sedative or anxiolytic 
effects without causing respiratory and cardiovascular depression. Much 
information remains to be garnered regarding the properties of various combinations 
of GABA, receptor subtypes :n the brain, both with respect to their localization 
pallerns within the central nervous system and their pharmacological properties. 
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Further oxperimental research in this area may aid in the design of drugs that 
mediate calming properties without eliciting other edverse avenis. 


SELECTED REFERENCES: 

3enazzi F Maz7oli Mand Rassi E (1998) Auditory hallucinations suppressed by etizolam 
Ina patient wth schizophrenia. Ganaolan Journal of Psychiatry 38:'574-575. 

Dirgemense J, van Gerven JM, Schoemaker RC, Roncari G, Oberye JJ, van 
Castenbrugger MF, Massarella J, Segala P. Zelf W and Cohen AF (1397) 
Integrated pharmacokinetics and pharmaccdynamics of Ro 18-6791, anew 


benzodiazepine, in comparison with midazolam during first administraticn to Desmedetorniaine. ., 
healthy male subjects. British Journal cf Clinical Pharmacology 44:477-486. produces good sedation, 
Francasso C, Coafalorieri S, Garattini S ard Caccia S (#991) Single and SOE ‘pevchometor 
multiple dose pharmacckineties of etizolam in healthy subjects. European tngeirmenl and mocerale 
duumal of Clinical Phariacology 40:181-185. analgesia teithott 
Knoflach F, Drescher U, Scheurer L, Malherbe P, Mohler H (1998) Ful and cardiorascilar compromise, 


partal agonism displayed by benzodiazeoine receptor ligands at 
recembinant gemma-amino butyric acid & receptor subtypes. Journal of 
Pharmacology and Experimental Therapeutics 266:385-331. 

Savoldi F, Somerzini G and Ecari U (1990) Etizoiam versus pacebo in the 
treatment of panic disorder wth agorephabia: A double-blind study. 
Currant Medical Research Opinion 12185-1560. 

Tang J, Wang B, White PF, Gold M and Gctd J (1986) Comparisen of the 
sedation and recovery profiles ot Ro 48-6791, a new benzodiazepine, and 
midazolam in combiration with meperidine for cutpatient endoscopic 
procedures. Anesthetic Analagesia 89:892-898_ 


Alpha, Adrenergic Receptor Agonists 
Se ected Compounds: 

—clanidins 

— dexmedetomidire (Precedex} 

— fluparoxan (antagonist) 


CLINICAL EFFECTS: 7 

Alpha, adrenorecepior agonists cause sedation, anxiolysis and enhancethe effects 
(synergism) of both general anesthetic and iocal anesthetic agents. 
Dexmedetomidine, in low doses, produces good sedation, some psychomotor 
impairment and moderate analgesia without cardiovascular compromise. 


MECHANISM OF ACTION: 

The agents are seleclive agonists at the alpha, adrenoreceptor located in the 
brain and spiral cord. Clonidine (as the original drug). is five-fold less selective 
Ihan dexmedetomidine, causing transient hypotension due te stimulation of the 
alpha, adrencreceptor in (he peripheral vascular system. Therefore, clonidine 
should not receive furtier consideration. 


Dexmedetomidine acts selectively on the alpha, adrenereceptor by opening 
inwardly-rectilying K+ channels distributed in focus coeruleus of ihe central nervous: 
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system and causes an anti-nociceptive (anti-pain} effect. Dexmedetomidine wes 
originally developed as a sedative-analgesic for veterinary medicine. it was 
teleased in March 2000 in the LSA as an “anestretic” for sedation in intensive 
care patients as an anxiolytic agent 


Dexmedetomidine potentiates severai anesthetc agents (¢.g., thiopentore 
induction requirement is reduced by 23%, andisofiurane requirements ars reduced 
by more than 90%}, as well 2s decreases the requirements for opioids (e.¢.. 
pentazocine requirsmant far post operative pein relief is decreased by 70%). 
Furthermore, dexmedetomidine significantiy pctentiates elactro-acupuncture to 
suppress cerebral evoked potential and, therefore, has potential for use with “sticky 
shocker (sas below}. This alpha, adrenoreceptor agonist also attenuates the 
side effects of ketamine, including cardio-stimuiatory as wel! as delirium effects 
and this interaction mey be important for rontethal technique use. 


PROPOSED CONTRIBUTION AS A NON-LETHAL CALMATIVE TECHNIQUE: 
Dexmedetomidine ean be administered as an intravenous, intramuecular and 
transdermal agent. Used in conjunction with most other sedative agents, this 
drug markedly (23-90%) reduces the dose requirement for the primary agent. 
often reducing side effects !eading to increased safety of the mixture of 
oharmaceutical agents. 


The interesting phenomenon of potentiating electro-acupuncture opens the 
oossibility that use of this agent in conjunction with existing (¢.g., sticky shocker} 
and propored non-lethal techn ques (electro-magnetic wavee) is warranted. The 
concept could be cons dered that expusure ol a group lirsl fo Ire pharmacological 
agent (leading to rrild sedation and sleepiness), can then be added :o another 
directed non-lethal technique. This aporoach would ad3ress effects on the few 
noividuals where an average dase ol tre pharmacciogical agent did nct have the 
desired effect. This approach offers the advantage I avoiding the use of a hgher 
dose of pharmacological agent, which may prove to be too much for some individua's. 


Flupaoxan is under development as an antidote {competitive antagonist) for alpha, 
auienoceplor agonists. The availability of a highly selective antagonist wilt permit 
the rapid reversibility of drug-induced effects and enhance the safety profile of 
alpha, adrenoreceptor agonists as non-lethal calmative techniques. 


Dopamine D3 Receptor Agonists 
SELECTED COMPOLNDS: 

—pramipexole 

— 01-1007 

PD 128907 


CLINICAL EFFECTS: 

Tha 03 receptor agonists have been ex‘ensively investigated as calming agents ~ 
this is their presumed mechanism of action as anti-psychotic agents. They have 
yielded promising results in calming abnormal states produced by agerts such as 
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phencyclidine (PCP). D3 recepter agonists have also basn found to bs useful in 
biocking ccnvulsant effects of agents such as cocaine. Multiple other uses for D3. 
and other dopamine receptor agonisis have aso been investigated (see expanded 
section). 


MECHANISM OF ACTION: 

Dopamine is the predominant catectalamine neurotransnitter, or chemical, inthe 
brain that transmits messages between nerve cells. Inthe central nervois system, 
dopamine has been implicated in the contro! cf a variety of furctions including 
regulation of motivation and positive reinforcemen:, iacomoto activity, cognition, 
emotion, as well as endocrine regulation. 


Four main dapaminergic pathways exist in tre brain with associated behavioral 
functions: 
~ cuordination of voluntary movements (nigrostriatal pathway) 
— mativational, ematonal and cognitive functions (mesolimbic and 
mesocnrtical pathways) 
~ endocrine funct ons (tuberoinfundibular pathway} 


Dopamine exerts its actions in the centcal ne-vaus system by interacting with five 
different receptors termed D1 through D5. 


PROPOSED CONTRIBUTION AS A NON-LETHA. CALMATIVE TECHNIQUE 

The coparrine D3 receptor agonists are of greatinterest as a non-lethal technique 
diie ta the nalmative effects of these agents, as well as effects an motivation and 
on jocomation. Furtherrore, the ability of he D3 receplor agonists to celm a 
psychotic subject, especially those witr emoficnal behavior dus to drugs such as 
PCP (phencyclidine) and cocaine, acd further value to these D3 receptar agonis's. 


DISCUSSION: 

Dopamine |s the predominant catecrolamine neurotransmitter. or chemical, in the 
mammalian brain that transmits messages between neurons. Inthe central nervous 
system, dopamine has been implicated In the control of a variety of functions 
including regulation of locomotor activity, cognition, cmoticn, positive reinforcement, 
and endocrine reguiaton. 


Four main dopaminergic pathways exist in the mammalian brain to account for 
dopamine's central activity: the nigrostriatal pathway, the mesal 


bic pathway, the 
me: 
pathway originates with dopamine-producing cells in the substantia nigra pars 
compacia which project to the dorsal striatum. a structure associated with tha 
coordination af voluntary movements. Degenevation of dopaminergic neurons within 
this pathway have been Implicaled in Parkinson's disease. The mesolimbic pall way 
originates in the ventral tegmental area and projects to the nucleus accumbers, 
olfactory tubercle, and parts of the limbic system (septum, amycdaloid complex, 
and piriform cortex}. Like the mesolimbic pathway, the mesccortical dopaminergic 
pathway also has its origins in the ventral tegmental area but projects to the frontal, 


cortical pathway, end the luberoinfundibular pathway. The nigrostriatal 
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cingulate, end entorhinal cortices. Together, the mesolimbic and mesncartical 
pathways are involved in emotional, motivational and cognitive functions. It is 
believed that aberrant dopam nergic neurotiansmission within the 
mesocorticolimbic pathways underties the discase of schizophrenia. Tre 
tuberoinfundibular pathway is comprised of dopamine-producing cells in the arcuate 
nucleus which release dopamine into the median eminence. Dopamine exer's an 
inhibitory effect 0° prolact:n secretion; therefore, in the tuberoinfundibular pathway, 
dapamine regulates endocrine functions. 


Dopamine exerts its actions in the central nervous system by interacting with five 
different receptors (121, 02, 03. D4, and Ds) which arise from five distinct genes. 
These receptors car be further separated into subfamilies based on pharmacoiacy, 
sequence Homology, and biochemistry. D1 and D5 receptors are similar to each 
other with regardto amino acid sequence, enatomical dist:ibutian, and biochemical 
palnways activated following receptor stimulation. As a result of tneir similarities, 
D1 ard D5 receptors ere commonly referred to as D1-like receptors. 


Within the central nervous system, both D1 and DS reccprors are expressed at 
high levels in the cortex, striatum, and hippccanpus. Ultrastructuralty, D | receptors 
are predominantly locaced 071 dendritic spines whereas, D5 receptors are 
preferentially expressed on derdritic shafts. This differertial distribution suggesis 
thet although D1 and DS receptors poscess similar pharmacology they are not 
functionally redundant receptors. Stimulation of D1-iike dopamine revepicrs in 
the central nervous system results primarily in activation of adenylate cyclase, 
although there is aiso evidence to suggest a role for D1-like receptors in the 
modulation of intraceilular caicium levels as wel. 


D2, D3. and D4 receptors are also grouped together and are commonty referred 
to as D2-iike depamine receptors. D2-like dopamine receptors are structuraily 
homologous to one another and biochemically inhibit adenylate cyclase activity. 
While second mussenyer autivily varies Irom cel line le cell line, D2-ike rece ators 
are also capable of mediating changes In intraceliular calcium levels, modulating 
potassium ievels, potentiating arachidonic acid :elease, and activating a sodium/ 
hydrogen in exchanger. D2 receptors are predominanlty expressed in the striatum, 
altnough their expression is widespread and is also located in the nucleus. 
accumbens and various cortical and subcortical regions. in contrast to the 
widespread localization of D2 receptors, the localization of D3 ard D4 receptars 
is restricted primarily to limbic regions ofthe brain. D3 receptors are predominantiy 
located in the nucleus accumbens, olfactory tubercle, islands of Celleia end lobules. 
9 and 10 ofthe cerebellum. D4 recepiars are highly expressed in Ine trontal cortex, 
amygdala, hippocampus. and hypothalamus. Additionally, splice variants of D2 
and 03 dopamine recestors have also been ident fied. The D2 spiice variant. termed 
DE6, appears ta function in a manner similar to ita full-tength counterpart; however, 
the splice varian:s identified tor D3 receptors appear to eithar be non-functional or 
to regulate cell-surface expression of DS receptors in a dominant negative manner. 
Presently, the functional effects that co-expression of D3 receptors with DS-splice 
variants have on dopaminergic neurotrarsmission is under investigation. 
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Physiclogicaily, D3 receptors appear ic play an inhibitory affect on locomotion, 
D3-preferring agonists inhibit iecometor aclivity, while D3-preferring antagonists 
slimutate locomotor act vity in experimenial animals. Furthermore, nice genetically 
engineered to be D3 -ecepior-deficient are hyperactive comparedto contra’ mice. For 
the most part, however, the role of DS receptor in the physiology of the dopaminergic 
system is largely unknown. Because D3 receptors are specifically expressed in limbic 
and certical regiors involved in the contral of cognition and emotion, they are attractive 
largets for new generations of antipsychotic meslications. 


An association .as recently baen made with regard fo schizophrenia and 
abnormally spliced D3 receptors. Pos-mortem findings have indicated that n 
several brain regions, schizophrenic patients express primarily D3nt, a D3 receptor 
splice varia+t, and very little if any D3 receplors. This finding, coupied with tre 
recent demonstration that when ¢c-expressed in vitro D3nt may prevent C3 
tecaptors from reaching the cell surface, suggests {hat abnormal functionregulalion 
of D3 receptars may he irvolved with psychases associated with schizophrenia. 


Hecently, a FUA-approved Dz-preferring receptor agonist indicated ‘or the reatme mt 
of Parkinson's disease, pramipexole, was used successfully in conjurction with 
inaditional neuroleptic treatment in schizophreric patients. Positive as well as 
negative symptoms of schizophrenia were reportedly diminished by 22.62% when 
pramipexole was added to haloperidel drug therapy (Kaspar et al., 1997). Another 
agent, Cl-1007, a putative dopamine autoreceptor agonist and parlial D2/D3. 
receptor agonist, is currently under development specifically for the treatment of 
schizophrenia (S‘amck ctal., 1998). Thus far, these studies have enrolled only 2 
smatl number of patients and have only been conducted for shert :ime periods. 
More extersive experimsntation examining the effect vensss of D3 receptor 
agonists as calming agents will be required to elucidate the mechanism of their 
antipsychotic action. 


The calming nature of D3 receptor agonists in treating diseases such as psychoses 
al first seams to be counter-intuitive given the current repertoire of drugs used as. 
antipsychotic agents, which have historically been D2-like receptor antagonists. 
‘One school of thought on the paradoxical effectiveness of D3 agonists as calming 
agents is related to the localization of D3 receptors within neuronal synapses. 
Within the mesocorticolimbic system, D3 receptors are located pre-svnaptically 
and function as autorecaptors. As such, one funct ona! role of DS cutoreceptors 
3 lo regulate dopamine release in an inhibitory manner. It could be proposed that 
£03 receptors are not proserly localized withir dopaminergic synaoses, they might 
nol mediate appropriate autoreceptor function. Failure of proper D3 receptor 
junction could be due to laulty dopaminergic cirzuitry as a result of D3 receptcr- 
second messenger uncoupling, inappropriate D3 receptor protein-protein 
nteractions, or lack of D3 receptor celi surface expression due to over-expression 
of D3nf or other D3 receptor splice variants. Failure of D3 autoreceptors to relay 
appropriate negative teadhark in resporse to dopamine may ‘esult in overactive 
dopamine release. Excessive dopamine can, in tum, be blocked by treatment 
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with dopamine receptor antagonists (current therapeutic approach to schizophrenia 
treatment). Alternatively, if this hypothesis :s correct, pharmacologic agonists 
specif cally targeting D3 autoreceptors might also prove sffactve as calmatives. 


Another D3 ‘eceptor agonist, PD 12899, Fas aiso yielded promising results inarimal 
modele of echizophrenia. Experimenta models of schizophrenia in rats may be 
induced following administration of various pharmacologic agents including 
phencyclidine (PCP), apcmorpiine, or dizocilpine. Adrrinistation of PD128907 
was found to produce a7 unusuz! sedative effect on stereotyped bevavior in several 
rat models of schizophrenia {Witkin et al., 1998). This sedative effect was 
comparable in efficacy lo clozapine and more efficacious than that produced by 
haloperidol, two commonly used anli-psychotic medicatians. Additionally, 
PD128907 caused no movement disorders, a common, severe side effect of 
haloperidol treatment (Wilkin et al., 1998) norwas PD126907 associated with life- 
threatening blood disorders, a limiting factor of clozapine therapy. 


An additional mechanism of action of the D3 receptor agonists pramipexole and 
PD 128907 may aiso play a role in their antipsychotic aclivity. These D3 receptor 
agonists are potent antioxidants and have been shown to be neuroprotective, 
Preventing neuronal death caused by high local concentratons of dopamine. 
Furthermore, these D3 recepter agonists were shown to enhance the growth of 
dopaminergic neurons (Ling et al., 7969). The neuroprotective and antioxidant 
properties of these DS receptor agonists aids in explaining the benefit that these 
agents provide in animal models of PCP-induced psychosis. Ihe traquently abused 
drug PCP appears to induce psychosis sy modulation of several neurotransmitter 
systems, acting hath as a NMDA gitrtamate recaptar antagonist and an inhibitor of 
dopamine reuptake. Together, this results in insreased concentrations of dopamine 
In neuronat synapses following PCP administration, which is deleterious te Ihe 
survival of neurons. Therefore, il appears that D3 receptor agenisls may exert 
their calming, antipsychotic actons within the cential nervous system via several 
ditterent and unique mechanisms. 


Another interesting feature of the D3 receptor agonist PD128907 is that this agent 
has also been faund effective in biocking convulsant and lethal effects of cocaine 
administration (Witkin and Gaslor, 1998). The mechanisms by which a DS receptor 
agonist may exert such dramatic calming properties Is currently unknown and 
thus more experimentaticn targeted at understanding the physioiogic function of 
D3 receptors is warranted. Further development of D3 dopamine recaptor specific 
agonists and antagonists will be required to elucidate the calming effects cf DS 
receptor agonists such as PD 128807, Cl-1007, and pramipexole. Additional clinical 
studies will also be required in order to tully ascertain the pharmacologic 
applications for which 03 receptor agonists wili be of use as calmative agents. 
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Selective Serotonin Reuptake Inhibitors 
SELECTED COMPOLNDS: 

= tluoxatine (Prozac) 

~ sertraline (Zoloft) 


— paroxetine 
= WO-09500194 


CLINICAL EFFECTS: 

Serotonin selective reuptake innibito’s, termed SSRIs. are used therapeutically in 
the treatment of several psychiatric d so-ders, including depression and obsessive 
compulsive disorders. A drawoack is that these compounds require repeated 
administrat on to produce calming effects. 


The SSAls, including fluoxetine and sertraline, are typically used as oral medication 
These compounds are found to be safe and effective and may be used alone or in 
comb.naticn with lithium sails in the treatment of depression. 


The onset of effective SSRI drug action is faster when combined with lithium 
(decreased from 2-3 weeks lo less tran 1 week) for treatment of depression. New 
campounds under development (WO 02509194) are beirg designed with a faster 
onset of action. Drug development Is continuing ata rapid rate in this area due lo the 
large market for the treatment of depression (15 milion individuals in North America). 


MECHANISM OF ACTION: 

The SSRIs act to directly bloc< one type of receptor for the brain serotonin (5- 
hydroxyiryptamine; 5-HT)-containing neurotransmitter system, specifically the 
serotonin souptake sites. Once bound tightly te the serotenin reuptake site 
(scmetimes termed uptake site or transporlen), these drugs prolong the effects of 
serotonin already active in the nerve terminai and directly produce an inhibitory 
affect on the cell bodias synthesizing the neurotransmitter serotonin. Once this 
selective inhibition is produced, the target projection regions of the serotonergic 
system produce a compensatory response, which, in lurn, produces release of 
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additional serotonin in brain areas such as the hypothalamus, hippocampus and 
corlex. {t is hypothesized that the increase in the amount of serolonin leads to 
improved control of behaviors linked this transmitter system, which include 
zggression, agitation, anxiety, general affect (mood), and sleep, among others. 
This neurotransm tter system was the first of Its Kind to be identified with regulation 
of sleep; enhanced ievels of serotonin produced following a large meal containing 
the preciirsor tryptophan, which is found in turkey meat, produces the slecpiness 
associated with ingestion of a Thanksgiving turkey dinner. 


In addition to the seratonin reuptake site, there are several serotonin receptor 
subtypes includirg 5-HTy4, 5-HTyg, S-HTyp. 5-HTo,. 5-HT3, 5-HT.. SHTs and 
5-HTz receptors, among others. Thus, these receptors confsr differant 
pharmacological orcperties in different areas of ine central nervous system. 


Other new developments include the :argeting of compounds with high selectivity 
for multiple serotonin recaptors and the serotovin reuptake site (e.g. P-0072294, 
a 5-HT,, receptor antagonist, 5-HT, 4 receptor partial agonist and a 5-HT upcake 
inhibitor). The advantage of these new compounds isthe maintenarce of selectivity 
and speciiicity of the pharmaceutical agent for the serotonin reuptake site comb ned 
with a faster onect of drug action due to synergistic drug actions in defined neurons 
and specific brair regicrs. 


Antidotes to the administration of SSAls are not available. However, taxic reactions 
to approprists doses 0’ this class of drugs are minimal. 


PROPOSED CONTRIBUTION AS A NON-LETHAL CALMATIVE TECHNIQUE: 
Recent studies have identified that SSRis reduce the symptoms tha: accompary 
personality disorders and modulate 2 normal personality 


Knorring, 1999). The clinical efficacy of fluoxetine, seriratine and otter SSNis 
well accepted in the trea:meni of major depression and ir generaized anxicty 
disorders. !n this regard, treatment with these agerts may continue over periocs 
of months and have established a high safety profile for these agents. 


These classes of drugs have also iorg been notad Ior effects on sleep; indeed, it 
has been speculated tha’ the improvernent in depressive symptoms with SSAI 
administration may be linked to their ability to improve the onset and quality of 
sleep in these patients. Studies of younc, healthy volunteers conducted under the 
controlled setting of a steep laboratory indicate a singie-dose administered crally 
of fe SSRI paroxetine acutely enhances the appearance of drowsiness and nausea 
in a dase-cependent manner (Saleti at al, 4991). 


Reports have also indicated treatment of intermittent explosive behavieral disorde's 
with sertraline In adults wilh impulse control disorders (Feder, 1996). In this regard, 
the SSHis are teing widely used i Ine effective managemert of hehavioral 
disturbances common with dementia (Herrmann and Lanctot, 1998); theese 
behavioral symptoms, which commonly include augressior ard agitation, contribue 
to the premature Institutlcnalization of elderly individuals. While the mechan:sms. 
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of the changes In brain function which p-oouce eggression and agitatioy in these 

patients is not known, the fact that treatment with SSRIs may reduce the signs 

and symptoms to a point where the individual can contro! their behavior serves to 

underscore a role forthe serotanargic neuronal system. indeed, 2 role for serotonin 

in mediating the paradoxical calming effects of psychostimulams in an animal 

modal of hyperactivity has emerged; acule administration of fluoxetine blocks the 

hyperactivity effects produced by administration of amphetamine or cocaine in a 

mutant mouse model (Galnetdinov el al. “99). Administration of sert-aline has 

also been demonstrated to significantly reduce irritability and aggressive outburst 

in patients with a closed head injury (Kant et al., 1998). SERB ... are foinid fo be 
highly effective jor 

The SSRIs merit further considaration for effective use as. a non-lethal technique iwmnerous behavioral 

as based on an extensive review of the medical literature. Trese drugsare found — ister hurices encountered 

to be highly effective for numerous behavioral disturbances encountered in #72 stfiatiors where @ 

situations where a deployment of a non-lethal technique must be considered. Ths — deplovineist of a non-lethal 

class of pharmaceutical agents also continues to be under intense development — fechnigue must be 

by the pharmaceutical industry. Itis likely that an SSRI agent can be identified in. considered. 

the near future that wlll feature a rapid rate of onset. 
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Serotonin 5-HT,, Receptor Agonists 
SELECTED COMPOUNDS: 

— buspirone (Buspar) 

-fesopitron 

—alnespirone 

- MCK-242 

— WAY-100,635 

— olearide 


CLINICAL EFFECTS: 
Buspirone Is a prototypical anxiolytic drug that does not act ‘ike a benzodiazepine 
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due to its actions as a partial agonist at 5-HT,4 receptors. Buspirone is highly 
effactive at relieving anxiety without marked sedation. Unlike benzodiazepines, 
this drug has no hypnotic, anticonvulsant, of muscle relaxant properties tor dogs 
it potentiate the CNS depressant effects of conventional sedative-hyp otic drugs, 
ethanal, or tricyclic antidepressents. Buspirone is typically used in the treatment 
of generalized anxiety state witn its effective use requiring a weak or more of 
treatment. Buspircne produces less psychomotor impairment and is considered 
to have limited abuse liability as compared to benzodiazepines, such as diazepam. 

However, tachycardia, palpitations, nervousness, end gastrointestinal distress may 
occur more frequently with SHT,, receptor agonists than with benzodiazepines. 

Euspirone is aiso clinically uselul in assisting in withdrawal trom nicotine during 
smoking cessation programs. 


MUCHANISM OF ACTION: 

There are numerous serolonin receptor subtypes In the central nervous system, 
including the 5-HT,, receptor. The dstrbution of this receptor includes a profile 
of a high density of binding to the serotonin-containing cell bodies located in the 
midbrain, higpocampus, cortex and amydala. Thus, 2harmaceutical egents which 
bind lo this receptor site with high affinity are situated in areas which control 
numerous b3havioral and physiological functions including cognition, psychosis, 
feeding/satiety, temperature regulation, anxiety, dept ion, sleep, pain perceptioy 
and sexual activily.The 6-HT,, receptor subtype wae dlecovered in 1981 by 
radiotigand binding techniques and cioned in 1988. 


The development of 8-CH-3PAT (8-hydroxy-2-dipropyl-amiro tetralin) as a selective 
agonist for the 5-HT,, receptor has Jead to an understanding of Ihe mutiple 
physiological roles of this receptor as well as its function and distribution in the 
centrai nervous system. Central 5-HT;, receptors have been demonstrated to 
exist in both pre-synaptic (lermed samatodendritic autorecepios) ard post-synaptic 
lecations, The physiological act vity mediated in the somatodendiitic autorecptor 
localized on serotonin-containiny cell bodies has beer established by 
electraphysiological recording techniques and neurochemical techniques, including 
micradialysis. Stimulation of the post-synaptic 5-HT,, receptor has been evaluated 
by a variely of behavioral and physiological mzasuremenis and revealed specific 
roles in temperature regulation and hormone secretion of AGTH (adrenal 
cortiotrophin hormone) which is released In response ta stress. 


Buspirone, a partial 5-HT,, receptor agonist, has emarged as the first 
ronbenzodiazepine anxio ytic; thus efficacy of thls drug has further confirmed a 

i ew ore ees aT ite aerate: TT 
receptor binding profile of buspirone is high for tte §-HT,, receptor, lower for the 
5-HT, receptor, and nane to low affinity for other 5-HT receptors, noradrenergic. 
GABA or dopamiriergic receptors. Thus, buspirone Fas highly specific and unique 
effects on one class of neurot-ansmitter receptor. Numereus com>ounds wilh 
5-HTy, receptor agonist profiles similar to ouspirone continue to d¢ under active 
development by the pharmaceutical industry including lesopitron (in Phase Il clinical 
Cae} aunEgnere dik Pksse f cinios? cia} ant MCX 249 die hase 0 aliviad Wass 
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Several 5-HT}, receptor antagonists, including WAY 100,635, are well character zed 
and available to selectively block this receptor subtype (Schechter and Kelly, 19973. 
These selective receptor antagonists are currently baing investigated for their use 
in the treatment of Alzheimer's disease where they are hypothesized to improve 
cuynilion by a facilitatory effect on glutamatergic neurotransmission (an excitatory 
neurotransmitter). The 5-HT;, receptor antagonists are also being investigated 
far their ability to be useful in the treatment of anxiety disoroers by enhancement 
of 8-HT,, receptor autorezepto" function; this paradoxicel effect appears 10 be a 
mechanism that induces a more rapid neuroadapiation of the serotonergic system 
uncer conditions of ehronic §-HT,, receptor stimulation. 


Interestingly, oleamide. a member of a recently recognized family of amidated 
lipids found in the plasma and cerebrospinal fluid of mammals, has been 
damonstrated to provide significant neuromodulatory effects at 5-HT,, and 
5-HT24 receptors (Bocer et al, $998). Inciuced in this receptor family are two 
endogenous ligands for the cannabinold receptor, anadamide and 
paimitoyethanotamine, which have direct actions on cannabincid receptor as well 
as known neuromodulatory properties. Ot intarest is the demonstration that 
intraperitoneal administration of oleamide induces sleep and has lengasting 
hypothermic effects with distinct neurona’ targets in the rat and mouse brain. 
Oleamide Is a compound that potentially may be useful in a clinical setting to 
enhance the behavioral effects of a 5-HT,, receptor agonist, suc’ 2s buspirone. 
Alternatively, oleamide may be usefulin producing a sleep-ike state when adriinistrered 
alone, aithough this profile has yet to be fully astatlished in a clinical setting. 


PROPOSED CONTAIBUTION 45 A NON-LETFAL CALMATIVE TECHNIQUE: 
Buspirone is a safe and effective drig for the treatmen: of anxlety. and should 
receive consideration for use setlings in which @ nen-tethal technique may be 
required. The use of a selective 5-HT,,, receptor agonist would reduce symptoms 
of anxiety in an individual or Individuals and promote a calmer and more compliant 
behavioral state. This pharmeceutical agent has direct effects on serotonin 
receptors in brain reglens established as kay areas In the regulation of cognition, 
mood and motor behaviors. 


One consideration in the use of buspirone as a non-iathzl technious, is the route 
and duration of treatment required tc produce a calm state. Currently. oral 
magications are required with -epeated ingestion aver a week cr longer period 
with this compound. Twe new formulations are under ceveloprrent including a 
transdermal (or patch) and a transmucosal route of drug administration {Phase 3 
Clinical trial, Bristol-Myers Squibt Co. and Discovery Phase, Trera Tech Inc.}. Use of 
a transdermal patch to deliver buspirone may be offestive in a prison setting where 
there may have been a recent anxiety-proveking incident of confrustativa and this 
pplication warrants furtrer consideration as a specific typs of non-lethal technique. 


Currently new, mare potent second-genereticn buspirone-like compounds are in 
clin-cal trials for use In treatment of anxiety disurders, including lesopitron, MCK- 
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242, and alnespirone. These compounds, much like buspirone, are doth safe and 
effective in controlling the symptoms of generalized anxlety, which may include 
marked agitation and restlessness. Alnespirone is also being evaluated for approval 
in the treatment of aggression as low doses in animal studies were shown to 
suppress offensive behavior (Drug Report, 1999 Current Drugs; IDDB.com). 
Significant advantages in bioavailablity and side effects may also be found with 
alnespirone as it is metabolized in a distinctly different manner than buspirone. 
The cardiovascular effects of alnespirone, however, have not yet been well studied. 


Overali, a review of the scientific literature nas indicated that buspirone and ciosely 
related 5-HT,, receptor agonists are effective in antagonizing isolation-induced 
(White et al., 1991) and resident intruder (de Boer, et al., 1999) tests of aggression 
in animals. A role for serotonin neurotransmitter systems continues to be closely 
linked to aggressive behavior (Moachars et al, 1998). Moreover, the clinical effects 
of busplrone in selected populations which may be agitated or aggressive, including 
violent parolees (Cherek, et al., 1999), psychiatrically hospilalized children with 
symptoms of anxiety and moderalely severe aggression (Pfeffer et al., 1997), as 
well as combat disorders (Hammer et al, 1997), indicate thal further research on 
5-HT 4 receptor agonists is warranted for their consideration as a non-lethal technique. 
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Opioid Receptors and Mu Agonists 
SELECTED COMPOUNDS: 

~merphine 

—carfentanil 

~ Naloxone (antagonist) 


CLINICAL EFFECTS: 

Although morphine is the prototypic analgesic used to treat moderate to severs 
pain, an ongoing search for new rarcotic agents devcid of side effects predomirates 
current pain research. Possible side effects associated with opicic use include 
respiratory depression (potentially fatal}, miosis (pupillary constriction), sedatior and 
euphoria. A very powerful analgesis, fentanyl, also Fas @ high abuse potential and 
may be habit forming (and serious life-threatening respiratory depressior could occur). 


Carfentanitis a natcotic that can be édministered via unconventicnal means (see 
below). This feature of ca-tentanil may ke very uscful in treating non-compliant or 
unmanageable individuals. New compo.nds such as MorphiDex and AB-101 are 
being studied for their ability to alter pain sensation. Carferanil has a unique 
utitty in the practice cf sedating animal populations. This drug has been used 
successfully to immobilize a variety of largs exotic animals and is the only opioid 
approved in the Unlted States for inls purpose. Carfentanil has been administered 
intrarruscularly via dart injection, intravenousty and orally. 


MECHANISM OF ACTION: 

Opioid receptors are classified into ifwee dillerent calegoriss based on their 
pharmacological profiles. Mu fy), dalta (4) and kappa ¢k) opioid receptors are 
seleclively activated oy the endogenous agonists befe-endorphin. meieu- 
enkephalin, and dynorahin, respeclively. Recently, a novel opioid receptor, ORL- 
1, has been isolated via cloning tecaniques. The ORL-1 receptor and its 
endogenous ligand orphanin FO/nociceptin are pharmacologically complex, 
Producing both inhibition and potentiation of pain neurotransnission (Pasternak 
and Letchworth, 1999). 


As opioid compounds are canab’e of producing a wide array of physiological effects, 
both desired and undesired, the distinct anatomical localization vidual opioid 
teceptor populations becomes particularly important. The distribution of opioid 
receptors in the central and peripheral nervous systens (CNS and PNS. 
tespectively) cor-elates with the therapcutic actions and side effects of opiace 
analgesics. Due lo their poweru! analgesia-producing propartias, mu recepto’s 
and mu raceptor-selective agonists have been the primary focus of pain research 
and rranagemenl. Each of these effects can be -eversed by the administration of 
the opioid receptor antagonists naloxone or naltrexone. 


These antagonistic acants are therapeutically important due to thelr abillty to 
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reverse symptoms, particularly respiratory depression, of an opiate overdose. 
Morphine produces its antinociceptive effects by interacting with mu opioid 
receptors selectively. Fentanyl is a mu opicid receptor agonist that has a special 
usefulness as both a transdermal patch, and a “Icilipap” (oral lozenge used to 
treat surgical pain in children). MorphiDex is ¢ combiration of morphine and 
dextromethorphan {an opioid derivative}. MorphiDex shows promise for the 
treatment of severe pain since It appears to be much more potent than morphine 
and delivers significantly superior pain relief than similar doses of morphine without 
increasing side effects. 


Carfentanil binds selectively to brain mu opioid receptors. Althougr not yet used in 
human populations, this drug offers ths potential advantage of being administered 
to non-compliant or vio‘enl patients, anc requ res only indirect contact. 


PROPOSED CONTRIBUTION AS A NON-LETHAL CALMATIVE TECHNIQUE: 
Morphine is currently the drug ef choice for treating moderate to severe pain. but 
may also produec cupharia, indifforence to surroundings, sedation and depressed 
respiration. Carfentanil has a unique utility in the practice of sedating animal 
fopulations. This drug has been used successfully to immobiiize a variety of 
larga exotic animals Carfentani has been administered intramuscu arly via dart 
injection, intravenously, and orally. Theratore, this drug offers the distinet advantage 
of beirg adrninistered to subjects at far distances. Additionally, although not yet 
used in human populations, this drug offers the potential advantage of being 
administered ta non-compliant or violer: patients, requiring on y indirect contac:. 
In addition, naloxone and other opicid receptor antagoniste are available as ar 
antidote. 


DISCUSSION: 

Opicide or opiates ara narcotic compounds that have very powerlul uses as 
analgesic, sedative, antitussive (anti-cough) and anti-diartheal agents. The term 
opiate refers to ary drug derived from ar containing opium. The term opioid refers 
specifically to any non-cpium-derived narcotic. For example, the naturalty occurring 
‘enkephalins andendorahins are considered epicids while morphine is considered an opiate. 


Historicaily, oplates have been used for their mood altering properties. Indeed, 
the opiate crug apium is very unique in that it has been used for hundreds of 
years, with references lo its use dating back to 3000 B.C. It was not until the 
1800s that morphine was isolated from opiun. Sincs that time, morphine and 
other narcotic compounds have been used widely for their analgesic and robust 
sedative properties. Although morphine is the prototypic analgesic used to treat 
moderate to severe pain, an ongoing search for new narcotic agents devoid of 
side effects predominates current pain research. 


Discussed balow ara the various opioid receptors and the specific elects modulated 
by these recepto:s. In addition, tha latest findings are presented from sturties of 
newly developed analgesic agents that produce their pain alleviating cffects by 
interacting with the opioid system. 
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As opicid compounds are capable of producing a wide array of physiological effects, 
both desired and undesired, the distinct analomical localization cf individual opioid 
receptor populations becomes parlicula’ly important. Tre distribution of opioid 
receptors in the central and peripheral nervous systems (CNS and PNS, 
respectively) conelaies wth the therapeutic actions and side effects of opiats 
analgesics. For example, -n treating pain, the desired effect is antinociception or 
analgesia, while an unwanted opioid effect (.e., side effect), in this case, would be 
constipation. More specilically, mu opicid receptors localized to the spinal cord 
act (0 interrupt transmission of pain impulses traveling into the GNS from the 
periohery (en route to the brain where 2 noxious stmulus is perceived as being 
“paintul’). As a result, a decreased pain sensation is experienced. However, 
concurrent stimulation of other opioid receptcrs localized in the gastrointestinal 
traci, for inslance, may result in constipation (due to a mufdelia receptor-mediated 
decrease in intestinal peristalsis), an annoying side etfect of the narcotic analgesic. 
Other possible side effects associaled with opioid use include respiratory 
depression (potentially fatal), micsis (pupillary ennstriction), sedation and euphoria. 


Due to their powerful anaiges a-producing properties, mu receptors and mu 
receptor-seiactive agonists have been the primary focus of paln research and 
management. As mu raceptnrs are densely populated in CNS structures intricately 
involved in pain transmission (hippocampus, csrebra! certex, darsal harn of the spinal 
cord, periaqueduc:al grey and thalamus), “hey are ideally positions to corvol pain. 


Mu opivid recepters are further subdivided inte two additional receptor sublypes, 
my and i receptors. The y. receptor subtype produces analgesia when sllmulated. 
Miosis and euphoria are a so selective to 4, receptor activation while constipation 
and respiratory depress'o. are associated with y, receptor stimulation (Cherny, 
1996). Fach of these effects can be reversed by the administration of the opioid 
receptor antagonists naloxone or naltroxone. Thase antagcnistic agents are 
therapeutically important due to thelr ability to reverse synptoms, particularly 
respiratory depression, of an opiate overdose. 


Marphine produces its antinociceptive effecte by inte-acting with mu opioid 
receptors selectively (Pasternak, 1988}. Morphine ts currenily the drug of choice 
for treating moderate to severe pain, but may also produce euphoria, indifference 
fo surroundings, sedation and depressed respiration. 


Route of administration is a very Important aspect of pharmaceutical developnient 
and plays 4 fundamental role in patient compliancy. For example, fertaryl is a mu 
opioid receptor agonist that has a special usefulness as both a trarsdermal patch, 
ang a “lollipop" (oral lozenge used to treat surgical pain in children). Although a 
very power(ul analyesic, fentanyl also 1as a high abuse potential and may be 
habit farming (and serious life-threatening respiratory depression could occur). 
This versatility of drug delivery offers dislincl advantages over other pain relievers 
that are ineflective due fo route cf administration limitations. Thus. the development 
of new pain-retieving opiate drugs capabie of being administered via several routes 


is at the forefront of drug discovery. For example, carfentanifis a narcotic thatean 
be administered via unconventional means {see belcw). This feature of carfenianil 
may be very useful in treating non-compliant or unmanageable individuals. 


New compounds such as MorphiDex anc F5-101 are being studied fer their ability 
to alter pain sensation. MorphiDex is a combination of morphine and 
dextromethorphan (an opioid derivative). MorphiDex shows promise for the 
treatment of severe pain since il appears to be much more potent than morphine 
and delivers significantly supsrior pain relief than sim lar doses of morphine without 
increasing side effects. RB-101 is a non-opioid compound that acts te inhibit the 
enzymatic breakdown of endogenous opioids, hereby enhanc ng their enalgesic acivity. 
In arlditian, RB-161 sows promise in the treatment ot cpiate withdrawal syndrome. 


CARFENTANIL 

Although this fentanyl derivative was developed nearly two decades ago, it has 
gained new interest from the perspective of this report because cf the recent 
pursuit of novel catmative agents capabe of unconventional administration. 
Cartertanil 1as a unique utility in the practice of sedating animal populations. 
This drug has been used successfully to immobilize a variety cf large exotic animals 
(Cornick and Jensen, 1992; Karesh et ai, 1968: Kuaper ef a/., 1981; Miller ef af, 
1996; Hamsay ef al., 1995; Seal etal, 1985). It is the only oaicid approved in tha 
United States for this purpose. 


Carfertanil binds selectively to brain mu opiaid receptors (Saji ef a/.. 1992; Titeier 
ot ai, 1989). Because ths opioid has a long duralion of action, renarcotization 
(recurring onset of narcotic fects) may dJevelup 2 ta 24 hours after administering 
an opioid artagonist (Shaw et a/., 1995). 


Carfartanil has been administered intraruscularly via dari injection, intravenously, 
and orally (e.g. hand ‘ed ormixed with honey) (Baker and Gatesman, 1985; Ramsay 
et al., 1995; Seal ef af. 1935; Sleeman et a/., 1997). Therefore, this d-ug offers 
the distinct advantage of bei1g administerec to subjects at far distances. 
Additionally, although not yet used in human populations, this drug offers the 
potential advantage af being administered to non-compliant or violent patients, in 
situations requiring only indirect contact. However, it is important to note that 
pricr to the immotilization stage, an initial excitement phase has been reported in 
animals following administration of carfentanil (Raath ef af, 1992). Thus, application 
of this drug to human corditions of belligerence or aggressiveness may require 
special considerations. These provocative concepts merit future investigation. 
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Neurolept Anesthetics 
Intravenous Anesthesia Induction Agents 
SELECTED COMPOUNDS: 

— propofol (di-iso-propyiphencl} 


CLINICAL EFFECTS: 
Propofol is a short acting intravenous hypnotic agent, which produces rapd 
induction of anesthesia. Brief periods of apnea (no breathing) and low blood 
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pressure may occur with minima change In heart rate. Reversal occurs 
spontaneously wth minimal hangover or sedative effects (no antidote needed or 
available). As an intravenous anesthetic agent with minimal side effects, prepotot 
Is used extensively on a daily basis for geneval anesthesia an well as conscious 
sedation (i.e. giving just erough for a patient to tolerate an unpleasant procedure 
such as colonoscopy or gasiroscopy.} 


MECHANISM OF ACTION: 

Propolcl effects are mediated in the brain and spinal cord by stimulating the GABA 
receptor. Propofol inhibits neurotransmission by stimulating the chloride channel, 
which leads to hyperpolerization of the nerve and fess likelihood of passing a 
nerve stimulus. 


As a GABA receptor stimulant, propotoi Is aisc used extensively with other directly 
GABA stimulating agents (such as barbituates) and indirect acting GABA agents 
(such as fentanyl} to produce sedation for prclonged seoation (such as intersive 
care unite). 


The synergistic use of agents (where 1+1=3 versus additive agents where 141=2) 
is clearly demonstrated in daily practice by prepofol. Use of a benzodiazepine 
(such as midazolam) and a GABA-ergic agent (such as prozoiol} dramatically 
decreases the dosage requirements for both agents with enhanced safety profile for 
both agents. 


PROPOSED CONTRIBUTION OF A NON-LETHAL CALMATIVE TECHNIQUE: 
Propofol demonstrates a general principle, that the longer @ drug is infused (or 
administered), or the longer tha dose g ven (thereby remaining in the body fora 
longer time deriad), the longer the effect of the drug will last. For instance, a short 
acting (2-5 minute) intravenous anesthelic agent (such as thiopental, "Fentcthai’} 
will keep a patient asleep lor 3-5 minues after a single bolus dose, but afer a 
large dose, or protonged infusion, patients may take 1-3 days to wake up. This is 
called the context sensitive half-ime: the context s the duration of infusion and the 
half time is the time taken lor the drug to decrease by 50%. In contrast, a drug like 
propofol, when administered for a day or < week, a small oriarge dose, will only keep 
the patient asleep for a maximal interval of 30 minutes. Second, no antidote is required 
or recessary, as metabolism of the drug will occur rapidiy and spontaneously. 


While no further compounds in the propofol (propyl-pheryl) class are under 
investigation, the ettects ot GABA receptor stimulants as a metied o producinga 
calmacive effect will be of great interest. The clinical experience of using multiple 
GABA stimulating agents as well as other synergistic drugs will he directly 


transferable, as new drugs in all these classes become available. 


This topic is recommended for lurther research and hokis great promise for non- 
lethal applications, and will be a fruitful area for future invesligation for t9n-lathai 
applications. 
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Neuralept Anasthetic Combinations 
SELECTED COMPOUNDS: 

- droperidol and fentaryl combination (innavar) 

-  phencyclidines (Ketamine) 


CLINICAL EFFECTS: 

The combination of these two medications izads to < state of “unawareness” called 
the neuroleptic state. This differs from the usual anesthetic state where no movement 
occurs, Ue palient is well relaxed, and 
neuroleptic state, *he patients retain muscle tone, small and large muscle movements. 
occur and airway obstruction is tess tikely due to the retained muscle tene. 


way obstruclion eccurs readly. Ir the 


The neuroleptic state is characterized by marked trarquilizaticn and sedation with a 
state of mental detachment and ndifference while reflexes remain essentially incact. 


MECHANISM OF ACTION: 

The sites of action of droperidol is in the central nervous system {brain and spinal 
cord) where it interferes with transmission of nerve impulses at dopamine, 
farepinephrine, serotonin, and GABA synaptic sites. 


Neurolept anesttes'a was used extensively in the 1970’s to avoid the perceived 
dangerous side étlects at inhaled volatile agents. Due ta the prolonged duration 
of action, and the development of new shorter acting agents, the neurolept 
technique is no longer widely practiced. 


PROPOSED CONTRIBUTION AS A NON-LETHAL TECHNIQUE: 

Dus tothe protongad duration of action, (2-4 hours) andthe side effects (alpha blockade 
with decreases in blood sressure}, droperidol is notbelieved to be of inteest as a non- 
lethal technique. However, the neuroleptic state is of great interest due to the 
ma ntenance of muscle tone and reflexes while a state of “unawareness” is produced. 


As mentioned, the neuroleptic state has severel advantages compared tc tha usual 
concept of general anesthasia. For example, droperidol has actions at many types 
of receptors with a fixed ratio of efiects a: each receptor type. Based upon general 
pharmacological principles, it should be possible to develop a mixture of highly 
specific agents, each coupling fo a sing e feceptor ‘ype. The concentrations and 
balance of cach agent could be varied to design a mixture, which would reproduce 
the neuroleptic siate without the undesiratie side eftacts. The agents cauid also 
be developed (and chosen) fo obtain a higaly accurate duration of action. 


The neurolept anasthelics should be further considered for potential as non-tethal 
calinalive lectiniques. 
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Corticotropin-releasing Factor Receptor Antagonists 
SELECTED COMPOUNDS: 

— CP 154,526 (antagonist) 

—NRI 97914 (antagonist) 

— CRE-BP {binding protein} 


CLINICAL EFFECTS: 
Currently in Discovery Phase: no approved clinical use. 


MECHANISM OF ACTION: 

Corticotropin-Releasing Factor (CRF) is a peptide hcrmone in humans and 
mammalian species that regulates basal and stress-induced release of hormones, 
Including ACTH, B-endorphin and ather apioic peptides. The physiological effecis 
of GAF are medicted at CRF1 and GRF2 receptors and are closely linked 10 mood 
disorders including anxiety and stress. When these receptors are biocked by 
administration of selective antagonisis (CP 154,526. NBI 2791<) anxety — related 
behaviors are alloviated. Thess CRF antagonicts produce caiming effects atter 
seizures induced in animal mcdels. Regulacion of the binding protein (BP) for 
CRF also demonstrates a potential therapeutic target for producing a less anxious, 
calm behavioral stale. 


PROPOSED CONTRIBUTION AS A NON-LETHAL CALMATIVE TECHNIQUE: 
The CRF antagonists are a novel approach to producing a calm behavioral stats. 
These peptides, when combined with new approaches for drug delivery of peptides 
(00 Cbjective 4) warrant further attention for possible prototye develapment of 
4 norr-lettiai calmative technique. 


DISCUSSION: 

Corticotropin-releasing lactor (CRF), also called certicotropin-releasing hormone 
(CAH), is a41- amine acid peptide originally identified from bevine hypothalamus. 
CRF is highly conserved among spéciss, with human anc rat CHF identical to 
each other and differing only by 7 residues from bovine CRF. in non-mammatian 
species, two CRF-related peptides, sauvagine and urotensin J, have alsa been 
dentified from the neurosecretory system of fishes and frogs. Both suavegine 
and urotensin | peptides share 50% sequence homology with CRF. 


CRF is widely distributed in the brain with highest expressicn levels in the 
aypothalamus. Itis he major hypophysiotropic factor regulating basal and stress- 
Nduced release of adrenocorticoiropic hormane (AC 1H), b-endo’phin, and othar 
oroopiomelanocortin-derived peptides. In addition, CRF is also found in cortical 
and limbic structures. CRF eppears to be both necessary and sufficient for 
mecunting physiological and endacrire responses to stress. 


The physiologic effects of CRF are mediated oy two G-protein-coupled seven 
lraismembrane-spanning domain receptors, CRF1 and CRF2. Two alternative 
splice variants tor CRF2 have also recently besn identified. Localization anslysis 
ot CRF i receptors has identifled neocortical, cerebellar, and limbic structures as 
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the regions which express GRF1 mosl abundantly, while CRF2 is predominantly 
found in subcortical areas, most notably the lateral septum and hypothalamus. 
The distribution of CRF receptors is consistent with the notion that CRF contributes 
to both emational behavicrs as weil as behavioral responses to stress itself. 


Behaviorally, intracerebroventricular admiristation of CRF produces physiolog c 
changes similar to trose observed in animei models of stress, inclidinginereases 
in heart rate and blood pressure, alterations in castrointestinal function. suppression 
of exploratory behaviors, decreased food intake, and disruption of reproductive 
beraviors. Importantly, these elfects are not observed after systemic administration 
of GRF nor are they blocked by vagotomy, adrenalectomy, or pretreatment with 
dexamethasone, suggesting that these effects are mediated by CRF receptors in 
the central nervous system and do not involve stimulation o° the pituitary-adrenal 
axis. This is further supported by the ability of CRF receptor antagonists to reverse 
the behavioral effects of exogenously admnistered CRF. 


Recent studies in mouse lines overexpressing CRF have also emphasized the 
anxiogenic preperties of GRF, since these mice behaviorally resemble various 
animai models of anxiousness. In contrast, CRF knock-out mice exhibited no. 
anxiety-like hehaviors; hawever, this effect may also be due to compensation ty 
other oeptidergic and aminergic mechanisms. The importance of each of the 
CRF receptor subtypes has been examined Io determine the impact ot CRF in 
mediating anxiogenic effects. Intracerebroventr cular injection of antisense 
nuciectides to CRF1 receptors in several recions of the brair, hut not to CRED 
receptors, resulted in € reduction of anxiety-like behavior when challenged with 
CRF, These results support the view that CRF1 receptors may be a target for 
media‘ing anxiolytic effects associated with CRF. 


CRF antagonists have becn studied in various animal madels of anxiety. Centrally 
aaministered CRF fragments or amino acid substitutions of CAF Including a peptide 
termed astressin have been tested inrats. These peptides, which antagonize the 
action of CRF at CRF1 receptors were found capabie of blocking CR™1 recetors 
and inhibiting ACTH release (Rivier et al., 1999). Other truncated CAF peptides 
tat compete for CAF receptor binding, have also been tested in various models 
of anxiety in rodents. In some experimental situafians trunceted CRF peptides 
etlenuate anxiety-like Gehaviors in rodents; however, the same compounds also 
induce anxtogenic effects when evaluated under different experimental conditions. 
The reason for these discrepancies is unclear, but may ba telated to differing 
baseline levels of stress. Taken together, these results suggest tiat CRF1 receptor 
antagonists may potentially have use as anxiolytics. Therapeutically, pectide 
antagonists are difficult to administer for a variety of reasors, including rapid 
degradation and difficulty crossing cellular meinbrares. For this reason, synthetic 
CHF receptor antagonists are also under investigat on. 


Compounds such as CP 154,528 and NBI 27914 inhibit CRF-stimulation of cyclic 
AM? and CAF-stimulaied ACTH release from cultured rat gituitary cells. 
Furthermore, peripheral administration of chese agents to odenls in models of 
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strese and anxiaty altonuates strass-inducad alevations of ACTH, suggesting that 
synthetic CRF1 receptor antagonists may be uselul in various neuropsychiatric 
disorders (McCacihy et al., 1999). In ‘act, when corpared to the alypical anxiolytic 
buspirone in mouse models of anxiety, CP 154,526 was superior in tems of magnitude 
of effact and the number of indices of anxiey affected (Griebdl otal, 1996}. Additionally, 
CP 184,526 has alsv been found ic possess calming activities in rodent models of 
“helplessness”, a putative model for clinical depression (Mansbach et al., 1997}. 


In data collected from clinicat investigations, there is a'so evidence for CRF (n 
mediating anxlety-fike behaviors. Far example, cerebrospinat fluid levels of CAF 
are reportedly elevated ir patients suffering from obsessive comoulsive disorder 
and post-traumatic stress disorder, but net panic disorder. For this reason lipophilic, 
non-peptide CRF receptor antagonists tor use as anxiclytics have been 
investigated, although currently, there is a dearth of literature supperting the use 
of these compaunds clinically. 


CRF-1 receptor antagonists have also keen used experimentally fortheir calming 
effects on central neurons invo ved with CRF-induced seizures. In rodent models 
of CRF-seizures originating in the amygdala, the selective CHF-1 receptor 
antagonist, NBI 27914, blocked behavicral seizures and prevented epileptic 
discharges in electreencephalagrams (Bararr etai., 1997). Taken together, these 
data support diverse caiming roles fo: CMF-1 receptor antagonists in several 
aspects of central neuronal activity. 


nadcition ta CRF receptors, another companent that regulates CAF furetion, the 
CRF binding protein (CAF-BP) may, in the future, also become a target for 
therapeutic action as a caimative agent. CRF-5P is a protsin expressad beth in 
brain, primarily cerebral cortex, amygdzla, hypcthaiamus, hippocampus and 
Pituitary, as well as in plasma. Levels of CRF-8P in plasma determine the amount 
of “free” CRF availabis for action at CRF receptors. Currently, pharmacologic 
agents such as t/n CRF (8-33), a CRF-BP ligand Inhibitor, are being used 
8xperimentally tc study CRF functior and physiology. Pharmacologizally, #h CRF 
(6-33) releases bound CRF from CRF-BP. but r/n CRF (6-33) does not interact 
with CRF reecptors (Hcinrichs, 1999). It is conceivable that one approach for 
future consideration in rreciating calming effects in various anxiety states may 
involve modulation of CRF-BP. Induction cf CRF-BP expression or administration 
of recombinant CRF-BP may be therapeutically useful mechanisms for reducing 
free circulating levels of CAF, and therelore, may offer benefits clinically it 
hyper-eactivity of CRF neural circuitry or high plasma levels of CRF are contributing 
factors to anxiety and other stress-related disorders. 
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Cholecystokinin B Receptor Antagonists 
SELECTED COMPOUNDS: 

—CCK4 

— Cl-988 (antagarist) 

—CH-1045 (antagonist) 


CLINICAL EFFECTS: 

Activation of cholecystokinin (CCK) receptors by administration of CCKB agonists 
producas panic attacks. These etfects and other symptoms of anxiety are blocked 
wit administration of seiective CCKB antagenists. 


MECHANISM OF ACTION: 

Cholecystosinin {CCK} is a gut and brain peptide with a variety of actions in the 
periphery as well as the central nervous system. CCK peptides actat wo receptors 
termed CCK-A and CCK-B. CCK-B receptors are mainly found in tre central 
nervous system. CCK-B receptor agonists induced behavioral cxanges such as 
anxiety, disruption of memory, and hyperalgesia. A great deal ef eviderce implicates 
CCK involvement in anxiety any panic attacks. 


PROPOSED CONTRIBUTION AS A NON-LETHAL CALMATIVE TECHNIQUE: 
The CCKB antagonists Cl-988 and CI-1015 appear to Inhibit parle and induce a 
calm state via a novel mechanism. Combined wih new and mproved methods for 
the delivery of peptide drugs, these compounds warrant further consideration as 
a non-lethal lechnique. 


OISCUSSION. 

Cholecystosinin {CCK} is a gut and brain 2eptics with a variety of actions in the 
periphery 2s well as the central nervous system. CCK was criginalty isolated 
three decades ago from porcine gut as. a 33 amino acid peptide. Since discovery, 
several biological y active variants have bee? found. In We brain, the rros: abundant 
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CCK peptide is CCKB, an eight amino acid term nally sulfated peptide. CCK8 has 
been shown to be involved in numerous physiological funct ons including feeding 
behavior, respiratory control, cardiovasc lar tone, memory processes, nociception, 
errotional and motivat onal behaviors. 


CCK peptices act at two receptors termec COK-A and CCK-D. CCK-A receptors 
are predominantly found in the periphery. In contrast, CCK-B receptors are mainly 
found in the central nervous system. (Gastrin receptors and CCK- B receptors are 
identical.}. Bota CCK-A and CCK-B receptors are members of the seven 
transmembrane spanning demain G-protein-coupled receptor superfamily. Agonist 
binding to CCK receptors results in intracellular activaticn of phospholipase C pathways. 


Interest in studying centrai CKK-B receptors stems largely from studies in which 
CCK-8 receptor agonists induced behavioral changes such as anxiety, digruotion 
of memary. and hyperalcesia. In addition to CCK-8, another bioactive peptide 
agonist, CCK-4. has been icgentified in the mammalian brain. The CCK-4 
tetrapeptide has a 300-fold higher affinity for CCK-B receptors than CCK-A 
receplors and has been associated with e iciling anxlogenic actions. 


Co-locatization of CCK and dopamine in the ventral tegmental area and the 
meso imbic pathways of the bra n suggest that CCK could act as a nesromodulator 
of dopaminergic neurotransmission. In the rat, CCK-B mRNA is widely distributed 
in areas of the cerebral cortex, hippocampus, septum. amygdala, nucleus 
accumbens, caudate putamen, substantia nigra, and cerebellum. These regions, 
predominantly mesolimbic areas of the drain, are associated with motivation and 
reward behaviors. Thus, CCK may also have a role in regulating motivated 
behaviors, including behaviors of anxiety and fear, through action at CCK-B 
receptors in the centrai nervous system. 


A great deal of evidence Implicates CCK involvement in anxiety and panic attacks. 
In animals, administration of the selective CCK-B agonist BC 197 resuits 
significant anxiagenic effects. Conversely, in the CCK-B agonist-induced modet 
as well as other models of fear and anxiety, CCK-B receptor antagonists, such as 
C1-988 have produced anxiolytic actions (Derrien et al., 1994). 


Cfinical studies have also demonstrated that the endogenovs CCK-8 receptor 
agonist CCK-4 causes panic attacks both in patients with histories of such disorders. 
as weil as in healthy volunteers. For exampls, In one placebo-controlled clinical 
study, adm nistration of CCK-4 induced panic attacks in 71% of the individuals 
lested (n=12Z); while injection ct saline tailec tc induce any signs of panic (van 
Megan et al., 1996). These results demonstrate that anxiety may be mediated at 
least -n part by CCK-4 activity. Since CCK-4 is predominently expessed in the 
brein, along with OGK-B receptors, one might extrapolate from this data that CCK- 
B receptor antagonists may be usetul anxiolytic agents. 


To test this hypothesis, Cl-988, a CCK-8 receptor antagonist, was evaluated ina 
plecebo-contiolied double-blind three-way cross-over study to determines its 
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effectiveness in attenuating pan'c symptoms irduced by intravenaus administration 
of GCK-4. Panic attack frequency and a decrease in panic symptoms including 
chillshot flashes, chest pain/discomforl and anxiety/ear/aprehension were 
signifleantly diminisred by CI-988 p’etreatment (Bradwejn et al., 1993). These 
results suggest that CCK-B receptors may rreciate the anxiogenic properties of 
CCK-4 and that CCK-B receptor antagonists may be useful as calming agents. 


Although anxiolytic effects were obtained with Cl-988, the clinical development of 
this compound, which structurally is a peptoid derivative. was limited due to poor 
absorption and efficient hepatic metabolism. Modifications of the cremical structue 
of Cl-988, ted to development of Cl-1016, for which bioavailability and blood-brain 
permeability is entanced. Additional y, newer CCK-B receptor antagonizing 
compounds have been identified which differ entirely in cherrical structure from 
CI-988 and Cl-1015, Examples include the berzodiazepeine derivative L-385,260, 
the ureidoacetamide RP-69758, the diphenylpyrazone LY-288,513, and the 
aspericin-related quinazolinones. Chemical modifications of these compounds. 
have resulted in both significant inereases in bioavailability andimoreved aqueous 
solubility (Noble and Roques, 1999). 


Currently, several CCK-B receptor antagonists are being irvestigated for clinicat 
utilly. Two of these compounds are chemically relatec to benzodiazepines. L- 
740083, with approximately 10,000-fold mors sslecivity for CCK-8 receptors than 
COK-A receptors, is currently in phase | clinical trials for treatment of anxiety 
disorcers. Another agent, L-385260, is curently under evaluationin phase II iriais 
for the treatment of anxiety and benzodiazepine withdrawal symptoms. Another 
compound, PD-145942, is still in the discovery phase. PD-145942 is under 
davatopment as pctential Ireatment for anxiety disorders, obesity, pain, and 
schizophrenia. 


Not only may CCK-8 receptar antagonists find utility as anxiolytic agents, but 
varlous cllnical and prsclinica! studles have demonstrated that CCK-6 receptor 
antagonists may find ulility in mediating olher caiming states as well. Sleep 
disorders are partcularly common in the elderly due to altered awake-sleep 
thythms. Inaged rats, a CCK-B receptor antagonist GV 150913, was found useful 
in increasing both REM and nan-REM sleap. Additionally, nc tolerance was 
detected ater chronic treatment with GV-150013 (Crespi, 1999) . Taken together, 
these results suggest that CCK-B receptor anlagonists may aisc result in 
improvement in sleep quality. 


In addition to syntnetically-desigred CCK-B receptor antagonists, another approach 
for CCK-B receptor antegonist drug design may involve modifications in the 
sequenca of CCK peptides thamselvas. Antagonist properties may be introd iced 
at the peptide level by reducing the length of the sequence or by addition of large, 
hindetirg residues. However, because of low biomembrane permeability and rapid 
degradation, polypeptide therapy is often of limited therapeutic vaue. Anothar 
difficulty with polypeptide therapy is drug delive-y across the blood braln barrier. 
However, a new cass of molecules capabie of translocating peptides across plasma 
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membranes in live cells may be useful as peptidic delivery factors for peptides 
shorter than 30 amino acid residues. Furthermore, transport of small peptides 
across the blood brain barrier may also be possible via these transport molecules. 
Thus, the recent discovery ot cell-penetrating peplides may open new possibilities 
In the future with respect to biomedical drug delivery (Lindgren et al, 2000) and 
GCK-B receptor antagonists may 5¢ among the first class2s of drugs to benefit 
trom advances in drug delivery biotechnology. 


Taken together, recent biomedical advances suggest that net only does a new 
class of calming agents, CCK-B receptor antagonists, need lo be explored further, 
bul also, appropriats delivary methods for getting ttese compounds to their sites 
of action must also be considered. More studies are needed to determine not only 
the eftectiveness of CCK-B receptor antagonists as inducers of calmative states, 
bul are also needed to determine the nast effectve drug designs and delivery 
approaches. 
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Recommendations 


Continuing Improvements in Drug Delivery 

The contralted delive-y of macromotecular drugs, such as peptides, proteins, . controlled delivery... 
oligonucleotides and polysaccrarides, remain a key issue in the development at TOUR G key issue tt the 
calarnative agents as non-lethal techniques. However, while many calmativas — dvzclobmierd of calamutive 
can be effectively admiristered by oral, subcutaneaus injection or intravenous 
routes, the development of improved routes of administration as a non-lethal 
technique. More convenient, painless drug delivery approaches are needed and 
the development of these methods is a source of much ongaing research. B-iekly, 
‘we will outline a few of the most recent innovations in mac’omolecular drig de ivery 
that have considerable potential In the deployment of non-lethal calmative 
techniques. 


The pharmaceutical industry is focused on development of new and innovative 
drugs with improvements in increased potency and saccificity while retaining 
appropriate pharmacokinetic end pharmacodynamic profiles. Wrile rrany of the 
new drugs are small molecuies, such as peptides, other macromolecules such as 
oligonucleotides, ribozymes, and charged pelysaccharides are much larger. 
Typieally, targa macromolecules are administered by injection or Intuslon to acrieve 
the appropriate dose and therapeusic concentrations. Severa! innovative 
approaches are under investigelion for improving drug deivery via oral, puimanary, 
subcutaneous and transdermal routes. 


While oral delivery remains a convenient route of crug administration, the 
gastrointestinal tract continues to present challenges for delivery of egents trat 
are peptides and proteins. The gastrointestinal tract environmert can rapidly 
degrada many compounds, alter their solubility as well as stability; the transport of 
large motecules across the intestinal mucosa remains difficult. One approach to 
address this issue is the use of acylated non-alpha-amino acids as low molecuiar 
weight carriers to increase the intestinal absorpticn cf a drug;a carrier-drug complex 
can be formulated as a liquid and administered oralty A different approach is tho 
use of bioadhesive, tioerodable nenospheres which have been engineered lo 
bind to the intes:ine and then penetrate into and between cells for drug del very. 
Other strategies are foc.sed on improving the delivery of targets to specific ceil 
receptors: this may be less useful in the mproved development cf calmative agents 
with actions in tre certral nervous systerr. 


As an alternative to oral ingestion of agents, the delivery of drugs across the oral 
buccal mucosa is being investigated (see d:scussion on the S-HT ,, receptar agonist 
buspirone). FheraTech Inc. is develoging an cral, mucoadhesive bioerodible tabiet 


that oticks to gum and releases the drug of interest in the opposing buccal tissue. A 
phenomena of drug delivery by “chewing gum” may well be acceplabie to an Individuat 
ona voluntary basis and/cr useful within specific situations of crowd behavior, 


Tho pulmonary route of drug administration continues to offer the advantage of a 
rapid. non-invasive method of delivery of peptides and proteins. Tere is considerable 
information available or the size of particle a2rosols that can be irha‘ed; considerable 
research ard drug development is ongoing in this area (Daddona, 1999). 


The use of injectable subcutaneous dezot polymer formulations and implantable 
devices are under extensive investigation for delivery drug peptides and proteins 
for sustained per'ods of time {months}. Maintaining chemca stability and retaining 
biclogical activity following release ever extended lime geriods continues to be a 
challenge. The efleciive use of csmotically-driven titanium implants thal can protect 
the drug ol interast and provide sustainad reisase of the agan! is ongoing (Phase 
Hl clinical trials of a Leucopride implant for palliative treatment of acva7ced prostate 
carcer). itis not likely that this route of adminsstration wiil be suitable for 
imolementation with non-isthal calmat ve techniques. However, continued 
improvements in this area of drug delivery should be clese'y monitored. 


There are currently numarous transce’mal patches marketad that are effective 
and safe in providing a controlled delivery of hydrophobic drug motecules through 
the outer protective layers of the skin. One approach to improve the delivery of 
peotidas, proteins end larger macromolecules through the skin is the use of low- 
frequency ultrasound to temporarily disrupt the auter skin layer by cavitation and 
permit delivery of the drug. The spplicacion of absolute alcohol to remove the lipid 
layer of the skin, termed ‘tape stripping”, is eiso another approach to disrupt the 
skin and enhance subsequent passage of a drug into the blood stream for 
distribution to tha brain. The use of silicon microneediles to pierce the skin and 
provide drug delivery is also an area of ongoing development. 


Overail, improvements in encapsulal on and celivery techniques wlilbe applicable 
to many peptides and proteins that act in the brain to induce a caim state. The 
active transport process which serve fo protect he brain (the blood brain barrier) 
also impede the delivery of many molecules and, hence, require cirect surgical 
intervention te enter the central nervous system. However, the combined strategies 
of chemical mod'fications to improve delivery as well as new approaches for drug 
de ivery will provide for future opportunities. 


Innovations in drug delivery will be an important strategy towards identiticalion 
and improvement ol tre application of calmatives as non-lethal techniques. 


New Improvements with Combinations of Drugs 

Synergism is emerging as an important area in the applied use of pharmaceutical 
agents that are active in the central nervous system. Synergism i¢ more than just 
the additive effect of ane compound added -0 ¢ second conpound:it is the principle 
that two drugs may ult mately may be more ellective and have greater effect lhan 
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predicted ky the application of each agent alone. In the clinical setting cf the 
aperating room where anesthetic agents are in constant use, demonstrations are 
emerging cally tnat Indicate that eilher the doses of combired agents may be 
reduced to achieve a maximal effect and/o- a wider spectrum cf action is achieved 
with selected combinations of agents. This approach may offer considerable 
advantages in the des gn of an ideal non-lethal calmative technique. 


Developing Partnerships with the 

Pharmaceutical Industry 

The pharmaceutica and biotechnology incustries in the United States and abroad 
are now of:en surpassing the traditional academic settings in conducting basic 
and applied pharmacology research. In addition, it is well known that for every 
one new compound successfully proseeding from the discovery phase through all 
phases of clinical trials and on to market, pe-haps hundreds, if not thousands, of 
compounds are discaded ar shelved by the phamaceutica indusiry. Often an 
unwanted side effect, such 2s gastrointestina: dist-ess, will terminate the 
development ol a promising new pharmeceutical compound. Hewever, in the variety 
of situations in which non-icthai techniques are used, there may be less need to 
be concerned with unattractive side-effects; indeed. pemaps a caimalive may be 
desig7ed trat inco:porates aless than desirable side-effect (.g. headache, nausea) 
as part of the drug profile. Furthermere, it may be appropriate to develop a working 
relationship with the pharniaceutical industry to better incorporate their knowiedge 
and expertise In developing a non-lethal caimalive technique. Perhaps, the ideal 
calmalive has already besn synthesized and is awaiting renewed interest from its 
manufacturer. 
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Closing Comments 

The Use of pharmacological agenis to procuce a calm behavioral stale, particularly 
as relevart to management of individuals anc/or groups that ars agitated, 
aggressive and/or violent, 1s @ topic weh high relevance to achieving the mission 
of law enforcement and military communities. The extensive review conducted on 
the medical fiterature and new developments in tre pharmacautical industry bas 
cont-rmed the relevance and high potential impact of calmat vos as ¢ nen fethal 
techrique. Whether used alcne or as an adjuvant to enhance the effectiveness of 
other types of non-letial techniques, pharmacological agents can effectively act 
on central nervous system tissues anc produce a less anxious. less aggressive. 
more trancuil like bchavior and, uilimately, an easier te manage individual. The 
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wice variety of drug classes and specific agents highlighted in this report serve to 
underscore that ‘he development ard use of non-lethal calmative techniques is 
achievable and desirable. 


It is recommended that further research be covtinued regarding caimatives as. 
non-lethal techniques. The classes of agents and the compounds highlighted in- 
depth should receive additicnal consideration, including collection cf basic ard 
applied research information on their pharmacological profiles as well as data cn 
dose-response Curves and duration of action profiles foi owing specific routes of 
administration. Further research efforts shouls be cirected at identifying the mast 
promising ruules of drug delivery that may be effective in the varied settings In 
which non-lsthal techniques are to be deployed. It is also recommended that 
consideration of partnerships with the pharmaceutical industry be exp ored in crde: 
to achieve the geal cf 2 sale and effactive use of calmatives as non-lethal 
techniques. 


This report serves to hightight the importance of developing tre use of 
pharmacological agents, such as calmatives, for use as a non-lethal technique. 
Several major classes of pharmaceutical agents aiso merit similar review including 
1} drugs of abuse (including selected club drigs) and 2} canvusants. These classes. 
of compounds can effectively Impart many of the same qualities that have been 
identified in this report for the central nervous system depressants highlighted in 
this report. We recommend that nese classes of compounds be evaluated in the near 
tuture in order to ident fy he most p:omising candidates ‘or use as ncn-lethal techniques. 
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